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PROCEEDINGS OF THE 
ANATOMICAL SOCIETY OF GREAT BRITAIN 
AND IRELAND 





JANUARY 1915 





MEETING held on Friday, January 29, 1915, at the Royal College of 
Surgeons, Lincoln’s Inn Fields; the President, Professor Howden, in the 
chair. Twenty-two members and eight visitors were present. 

Two new members—Miss Grace Hamiiton Ewart and Mr James Berry, 
F.R.C.S.—were elected. 


(1) Mr R. H. Burve exhibited a reconstruction model of great historic 
interest inasmuch as it was the first of its kind to be produced in England. 
The actual model has been presented to the Museum of the Royal College 
of Surgeons by its maker, Mr E. T. Newton, of the Geological Survey. It 
was made in 1879, and represents the enlargement of the brain of the 
cockroach (Periplaneta orientalis) cut into thirty-five coronal sections. 
The plates of which the model is built up are made of thin slices of wood 
on which magnified drawings of the sections were pasted. Great ingenuity 
is shown in the subsequent treatment of the plates, which is different upon 
the two sides of the brain. Although not the first attempt at reconstructive 
microscopical methods, this model was produced quite independently of 
any knowledge of the work of Born, who had made reconstructions of the 
amphibian nasal cavities, and published his results in Germany two years 
before Mr Newton completed his model. 

Wood was used by Mr Newton for his plates because (and the finished 
model bears every evidence of this) he was a master in the technique of 
wood carving. 

Professor E. Fawcetv recalled the fact that His and others had made 
early attempts at reconstructions with the same material. 


(2) Professor AnTHUR KeiTH exhibited a series of specimens recently 
added to the Museum of the Royal College of Surgeons. 


(3) Professor ARTHUR KEITH also gave a preliminary account of a 
search for a representation of the “nodal” system of the heart in the 
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muscular walls of the alimentary tract. His research was guided by the 
following considerations. It may be regarded as definitely proved that 
“ nodal” tissue as seen in the sino-auricular and auriculo-ventricular nodes 
is endowed to a high degree with the power of initiating waves of contrac- 
tion. It was less clearly proved that the tissue of the auriculo-ventricular 
bundle itself, or of the terminal twigs of the bundle which ‘unite with the 
musculature of the ventricles, possessed to a special extent the power of 
initiating contraction; but it was usual to ascribe such a property to the 
substance of the terminal twigs. It was at least necessary to distinguish 
between what may be called “initial nodal” tissue—such as that of the 
“S.A.” or of the “A.V.” nodes—and what may be called “terminal nodal” 
tissue, forming the terminal twigs of the “A.V.” bundle. The heart 
being composed of highly specialised muscle, Professor Keith expected to 
find more simple representations of those “nodal” systems in more 
primitive muscular organs such as the stomach and bowel. 

The ileo-cecal junction of the rat’s intestine was selected for the first 
inquiry because many of the cecal movements seemed to be initiated at 
that point, and also because of the tonic and contracted functional state of 
the ileo-cecal sphincter. Serial sections showed a ring—representing a 
thickening of Auerbach’s plexus—surrounding the termination of the ileum ; 
the tissue of the ring contained many ganglionic cells, but also a greater 
number of cells which were apparently not ganglionic in nature ; the cells of 
the second kind—which may be called Koelliker’s cells—appear to become 
directly continuous by their processes with the muscle fibres of the ileo- 
cecal sphincter. These junctional cells and processes which link up 
Auerbach’s plexus or tissue with the muscle fibres were, in the speaker’s 
opinion, of the nature of “terminal nodal” tissue. 

On the ventral and dorsal surfaces of the cecum—immediately ventral 
and dorsal to the termination of the ileum—were two well-marked strips or 
borders of nodal tissue, in reality the commencement of the Auerbachian 
system of the cecum. These borders are joined by sympathetic fibres 
from periarterial nerves, and are also joined by muscle fibres arranged in a 
plexiform manner—muscle which in nature and arrangement recalls the 
true nodal tissue of the heart. 

Auerbach’s plexus is not composed simply of ganglionic cells and 
nerve fibres; it contains numerous other cells to which Koelliker called 
attention, and which may be described as Koelliker’s cells. These cells 
have small bodies which send out numerous branched processes, and differ 
from pure sheath cells in staining reaction and in structure. It is through 
these cells that Auerbach’s tissue is linked up with the musculature of the 
bowel. The nerve fibres which former authors have described as distri- 





of Great Britain and Ireland 3 


buted to the muscular and other coats of the bowel are probably sensory 
in nature. 

Sections of the developing bowel show that the outer and inner muscu- 
lar coats are developed from a germinal layer situated between them. 
Auerbach’s plexus represents the residue of the germinal or developmental 
intermediate layer. Probably the ganglionic cells may be of central origin, 
but the cells of Koelliker are apparently undifferentiated muscle cells. 

The nodal and communicating system of the heart arises in the subendo- 
cardial tissue, which apparently serves as a germinal or developmental 
stratum for the origin of heart muscle. In point of development, Auerbach’s 
plexus is similar in origin to that of the A.V. bundle system of the heart, 
and in the speaker’s opinion they were homologous. 

Auerbach’s plexus or system, like the A.V. system of the heart, is 
enclosed in a very definite sheath, as Gerota had demonstrated. 

As regards the A.V. system of the heart, each group of animals has 
its specific form. This is also so as regards the Auerbachian system. 
There is no true A.V. system in the bird’s heart. There is, as Dr Ivy - 
Mackenzie had shown, a muscular union, but that is not comparable 
to the mammalian A.V. system. Auerbach’s plexus in the bird’s bowel 
appears to be a true nerve system. Dr William Wright had drawn 
attention to the peculiar nature of the Auerbachian tissue in the ileo-cecal 
sphincter of the elephant. In Ungulates long leashes from Auerbach’s 
plexus are applied to the sides of certain muscular fibres. 

The submucous plexus (Meissner’s) is highly developed in Ungulates : 
it is much less developed in Primates. 

Great intestines excised for various surgical conditions—intestinal stasis, 
mucous colitis—had yielded several remarkable conditions of the Auer- 
bachian system. In some there was definite degeneration or atrophy of 
the Auerbachian system, in others fibrosis, in others swelling and vacuolisa- 
tion of its ganglionic cells, 


Discussion. 


Professor WRIGHT showed two lantern slides made from photomicro- 
graphs of sections of the small and large intestine of the elephant. The 
slides showed Auerbach’s and Meissner’s plexuses both well developed. 
Professor Wright thought that the high development of Meissner’s plexus 
might be correlated with the equally high development of the tunica 
muscularis mucose in the alimentary canal of the elephant. 


(4) Professor A. M. Paterson showed the skeleton of a recent case of 
myositis ossificans. There is almost complete anchylosis of the vertebral 


column, the atlas and coccyx alone being free. A rod of new bone further 
° * 
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extends along the back, fused with the spinous processes. Lateral branching 
bars extend outwards from this over the scapular regions and buttocks. The 
right scapular bar articulates with a branched exostosis attached to the verte- 
bral border of the scapula. Both gluteal bars are fused with the ilium. 

There is anchylosis of the lower jaw, and extensive formation of new 
bone from the left mandible, resulting after an operation intended for the 
relief of the condition. 

Many joints show signs of arthritis; and the limb bones are character- 
ised by the exaggeration of normal muscle-attachments, and by irregular 
exostoses. There is one immense irregular exostosis attached to the front 
of the left femur. 

Certain carpal and metacarpal bones are fused together. There is 
extensive anchylosis of both ankles, and of tarsal and metatarsal bones. 

Professor PATERSON also demonstrated the skeleton in the Hunterian 
Collection (Royal College of Surgeons of England), exhibited by Professor 
Keith. This case shows similar features, but the disease is more advanced. 

The spine is rigid, and there are two bony plates added in the back, 
connected to the spine and ribs. They join the skull above: the scapule 
laterally, and the sacrum and both iliac bones below. 

The lower jaw is connected with the right external pterygoid plate. 

The right scapula and humerus are firmly united by a Y-shaped bar of 
bone which springs from the shaft of the humerus and is united to the 
inferior angle and the spine of the scapula. 

The left elbow-joint is completely anchylosed. 

The wrist joint on the right side is anchylosed, most of the carpal bones 
also being fused together, and with the radius and ulna. 

The right femur is fused with both pubis and ischium by a large 
irregular bar of bone, which springs from the shaft of the femur and 
bifurcates above. 

The tibia and fibula are anchylosed together at both ends. The tarsal 
bones are anchylosed on each side and are fused with the bones of the leg. 

Full accounts of both skeletons will be published later. 


Discussion. 


Professor A. F. Dixon mentioned that two well-known skeletons, illus- 
trating the disease in a very advanced condition, were preserved in Dublin 
—one in Trinity College, the other at Dr Steevens’ Hospital. He showed 
several photographs and also X-ray pictures of these. 

The Trinity College specimen—a male—probably represents the earliest 
recorded case, and first received public attention in a letter written by the 


Bishop of Cork to the Earl of Egmont, published in the Philosophical 





of Great Britain and Ireland 5 


Transactions, 1740-1741 (vol. xli.). Other notices of it have appeared 
elsewhere at later dates, and it is the specimen illustrated in the curious 
oil-painting preserved in the Museum of the Royal College of Surgeons, 
and now exhibited at the meeting by Professor Keith. The late Professor 
Bennett was much interested in the condition. He exhibited and described 
the skeleton in 1872 at a meeting of the Pathological Society of Dublin 
(N.S., vol. v., 1874), when he also showed a cast taken from a girl of eleven. 
The latter cast is now in Trinity College. At the same meeting the late 
Mr Hamilton, of Dr Steevens’ Hospital, demonstrated the second skeleton— 
a female—mentioned above. It had been prepared in the school of the 
hospital by Mr Bookey. The specimens very closely resemble one another, 
but the Steevens specimen possesses more movement of its parts than the 
Trinity College one, in which the disease is more advanced. Both bear a 
striking resemblance to the skeleton in the possession of the Royal College 
of Surgeons shown by Professor Keith. 

The fact that the peculiar ossification was not in the muscles, but in the 
fascia of the muscles, was noted in 1872 by Hamilton and confirmed by. 
Bennett. In both the Dublin specimens the head is fixed by a rod of bone 
ascending near the middle line in the region of the ligamentum nuche: 
in one (Steevens) the lower jaw is fixed by ossification in the masseteric 
region, and in the other (T.C.D.) by bone in the region oi the internal 
pterygoid. In both skeletons the great toes show the remarkable partial 
suppression of the first phalanx to which attention was drawn some years 
ago. Professor Bennett demonstrated this condition in a living case 
exhibited by him to the Biological Club in Dublin in January 1905, and he 
believed it to be characteristic of the disease. 

In X-ray pictures the new bone resembles ordinary bone and shows a 
definite arrangement of lamella. Some at least of the bony bars and 
masses appear to have been formed in the soft intermuscular connective 
tissue rather than in the muscle sheaths. It is remarkable that ligaments 
like the great and small sacrosciatic ligaments, the interosseous membranes, 
and the ligaments of the hip- and shoulder-joints are not involved in any 
of the specimens. 

Professor J. E. S. FRAzER mentioned the case of a boy of 10, subject 
of this disease, in which the manifestations were more marked upon the 
ventral side of the body than, as is usual, upon the dorsal aspect. 


(5) Professor F. Woop Jonss described the basal type of the genitalia 
as it existed in the Chelonian reptiles. In these animals an intra-cloacal 
copulatory organ is present; and the features seen in this form of ex- 
ternal genitalia show very close resemblances to the embryonic stages 





6 Proceedings of the Anatomical Society 


of the Mammalia. It was suggested that a study of the very large and 
well-developed structures present in the giant tortoises afforded help 
in interpreting the initial stages seen with less definition in the early 
embryo of man. 
Discussion. 

Professor MacBriDE observed, in confirmation of the opinion expressed 
in the paper, that the male Sphenodon had the power of everting the 
cloaca as a definite copulatory organ. 


(6) Professor Davip WATERSTON showed permanent casts in plaster 
of Paris which had been prepared from his models of the heart, pericardium, 
lungs and pleural sacs, septum transversum, etc.,in two human embryos 
3 mm. and 6 mm. in length. The originals had been shown at a previous 
meeting of the Society, and some figures of the models of the younger 
embryo were published in the Jowrnal of Anatomy for October 1914. A 
full account of the appearances shown in the models of the older specimen 
will be published shortly. 

The model of the younger specimen showed a heart consisting of 
sinus venosus, single atrium, atrio-ventricular canal, ventricle, bulbus cordis, 
and conus arteriosus, and the endothelial tube as well as the myoepi- 
cardial wall is seen. The septum transversum is not yet differentiated 
into the various parts which later arise from it. 

The pericardial and peritoneal divisions of the ecelom communicate freely 
with one another, and there is a recessus pneumato-entericus on both right 
and left sides. 

The model of the older nae shows a later stage in the development 
of the heart, the division of the atrial canal into right and left ostia, 
and the division of the cavity of the distal portion of the bulbus cordis, 
as well as the bulbar cushions. 

The pericardio-peritoneal canals showed the changes which were asso- 
ciated with the appearance of the lungs, and the pleuro-pericardial apertures 
were reduced in size. 

The models had been prepared by Mr Sidney Boyes, and the expenses 
in connection with them had been defrayed by a grant from the Royal 
Society. 

Professor Waterston intimated that copies of the models shown could 
now be obtained at the price of £5, 10s. for the smaller, and £6, 10s. for the 
larger model. 

Professor E. Fawcert, in the discussion which followed, urged the 
desirability of a more precise nomenclature of the parts which Professor 
Waterston had demonstrated. 
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(7) Professor J. SyMINGTON exhibited numerous endocranial, endodural, 
arachnoid, and brain casts of recent man, and explained that the methods 
used in the preparation of these casts, and the facts they demonstrated 
with reference to the influence of the membranes of the brain and their 
blood-vessels and of the cerebro-spinal fluid in producing certain differ- 
ences between an endocranial and a brain cast, were described in the 
Struthers lecture “On the Relations of the Inner Surface of the Cranium 
to the Cranial Aspect of the Brain,” delivered in Edinburgh on the 16th 
December 1914. The lecture was in type, and would appear in the 
Edinburgh Medical Journal for February 1915, and contain photographs 
of some of the casts exhibited. Duplicates of the casts represented in 
figs. 3 to 15 and figs. 17 to 18 of this lecture have been presented to the 
museums of the Royal Colleges of Surgeons of England and Edinburgh, 
where they can be examined by those interested in the subject. 

Casts were shown illustrating the marked differences in the develop- 
ment of the digital impressions as seen in endocranial casts from subjects 
in which no appreciable difference in the complexity of the convolutionary 
pattern could be detected. The only cerebral fissures which can, as a rule, 
be identified on an endocranial cast are the main stem of the Sylvian 
fissure and its posterior branch, the upper and lower temporal fissures, and’ 
those on the orbital surface of the frontal bone. The fissures which cut 
into the superior border of the cerebral hemispheres, such as the central 
and parieto-occipital, are not indicated on an endocranial cast owing to 
their being separated from the bone by some of the following structures, 
viz.: the superior sagittal sinus and the lacune laterales embedded in the 
dura mater, the superior cerebral veins, the arachnoid and cerebro-spinal 
fluid, and the Pacchionian bodies. The course of these fissures outwards 
on the superior aspect of the hemisphere cannot be followed, mainly owing 
to the accumulation of the cerebro-spinal fluid on the vault. 

A protest was made against the practice of calling endocranial casts 
brain casts. This habit was said to be very common amongst palzontolo- 
gists. The author referred to the attempts that had been made by 
Professors Boule, Anthony, and Elliot Smith to estimate the character 
and degree of cerebral development from endocranial casts of the La 
Chapelle, La Quina, and Piltdown skulls. He maintained that the deduc- 
tions made by Elliot Smith from the first reconstruction of an endocranial 
cast of the Piltdown man prepared by Dr Smith Woodward would require 
modification if the second reconstruction were accepted as more nearly 
correct, since they differ in several important respects. 

Certain features of the temporal and parietal lobes of the Piltdown 
man, described by Elliot Smith as indicating primitive stages in the 





8 Proceedings of the Anatomical Society 


evolution of the speech and association centres, and the general statement 
that “we must regard this as being the most primitive and the most simian 
human brain so far recorded,” appeared to the author to be assumptions 
based upon evidence which would not stand scientific examination. Perhaps 
additional and more satisfactory proofs than those contained in the 
Quarterly Journal of the Geological Society for March 1913 that the Pilt- 
down man possessed a brain which exhibited such an interesting stage in 
the evolution of the human cerebral cortex, will be submitted to anatomists 
when the paper read by Elliot Smith before the Royal Society in February 
1914 is published in extenso. 
Discussion. 


Professor G. ELttoT SMITH did not agree with all the conclusions of the 
speaker. He remarked that “the beautiful series of casts which Professor 
Symington has shown do not demonstrate anything that anatomists have 
not been familiar with for a century at least ; for every time one removes 
a carefully hardened brain from the cranium all the points mentioned by 
Professor Symington obtrude themselves on the attention. 

“Those of us who have made extensive use of cranial casts have re- 
cognised the incompleteness of the information to be obtained from most 
modern human casts. 

“But because many specimens afford negative evidence is surely no 
reason for refusing to recognise positive information of the most definite 
character when it occurs. 

“As for Professor Symington’s criticism, it is all either wholly ir- 
relevant or based upon an erroneous interpretation of perfectly clear state- 
ments of mine. The cortical area, injury to which in modern man often 
gives rise to loss of the ability to recall names, is not the superior 
temporal gyrus, as Professor Symington imagines, and on the strength 
of such imagining launches an aimless attack on me.” 


MARCH 10915 





MEETING held on Friday, March 5, 1915, at St Thomas’s Hospital Medical 
School; the President, Professor Howden, in the chair. Twelve members 
and four visitors were present. 


(1) Dr R. J. GLADSTONE described a specimen in which the descending 
colon passed obliquely downwards and to the right, across the vertebral 
column into the right iliac fossa, where it became continuous with a large 
sigmoid loop. The convexity of this loop was directed upwards and to the 
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right. It thus occupied the position usually filled by the cecum and 
appendix, and appeared to have prevented the descent of these into the 
right iliac fossa. The cecum was symmetrical in form, and the root of the 
appendix apical in position. The small intestine was both actually and 
relatively to the length of the large intestine unusually short. The ab- 
normality was regarded as being due to the persistence of the early foetal 
position of the colon and it was suggested by Professor Barclay Smith 
that this was primarily due to the feeble development of the small intestine, 
the growth of which normally pushes the descending, iliac, and pelvic 
portions of the colon to the left. 

The surgical importance of the case consisted in the absence of the 
colon from the left lumbar and iliac regions, and of the cecum and 
appendix from the right iliac fossa. Dr Gladstone suggested that the 
position of the colon and of the cecum and appendix should be ascertained 
before operating, by means of an X-ray examination, after a “bismuth 


meal.” 
Discussion. 


Professor J. E. S. Frazer remarked that the condition, so far as the 
unusual course of the colon was concerned, seemed to be explicable as a 
slight modification of the manner in which the small intestine returns to 


the abdomen. Professor Frazer said he possessed an embryo of about 
26 mm. in which there is possibly an early stage of this condition. 
Normally the great gut and its vertical mesentery form a partial septum 
in the abdominal cavity extending from pelvis to liver, and the small 
intestine, returning to its right-hand side, pushes this over to the left. If, 
however, a loop of small gut passes to the left above this septum, there is 
a corresponding interference with the movement to the left of a part of 
the septum, the rest being pushed over, however, by the remaining coils. 


(2) Dr R. J. GLADSTONE showed a specimen of manifestation of an 
occipital vertebra. 

The anterior arch of the occipital vertebra was represented by two 
symmetrically placed bars of bone, which extended obliquely forward 
and medially on the under surface of the basi-occipital. They ended 
anteriorly in two small tubercles, which were separated from one another 
by an interval of 3mm. There was no facet for the dens epistropheus. A 
small oval facet was, however, present on the anterior extremity of each 
bar, which would most probably have articulated with an upward pro- 
longation of the articular facet on the anterior arch of the atlas, The 
posterior arch, although less distinct than the anterior arch, was neverthe- 
less plainly visible ; it consisted of right and left halves, which did not unite 
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behind, being separated by an interval of about half a centimetre. There 
was a slight indication of a transverse process on each side ; the processes 
were, however, completely fused with the jugular processes of the occipital 
bone. The posterior condylar fossee were deep, and there was a large 
posterior condylar foramen on each side. The hypoglossal foramina were 
of large size and undivided. Dr Gladstone alluded to cases of “arcus 
prebasioccipitales” described by Schumacher and other authors, and said 
that they appeared to be.due to ossification taking place in the hypo- 
chordal arch of an occipital vertebra, which is occasionally seen in front of 
the hypochordal arch of the atlas vertebra. 


(8) Dr W. GiLLiaTT (introduced by Dr J. Cameron) showed abnormali- 
ties of the heart, aorta, and its branches from an infant which lived for three 
days. The heart exhibited two auricles; the right was normal, whereas 
the left was small, consisting almost entirely of auricular appendix. It 
also showed an apparently single ventricular chamber (right), but the left 
ventricle could be demonstrated as a minute recess, not bigger than a 
pin’s head, in the left auricle. 

The foramen ovale was therefore patent, in order to allow the blood- 
stream from the lungs to pass into the large right ventricle. The tricuspid 
orifice was very large and the valves incompetent, as was shown during 
life by an unusually loud systolic murmur. 

From the large ventricular chamber a vessel of considerable size arose, 
which could be <:early shown to be the trunk of the pulmonary artery. 
This was indicated by the fact that it was guarded by three semilunar 
valves; also that it gave off the right and left pulmonary arteries and the 
ductus arteriosus, which was still patent. It also gave off a small vessel 
which passed downwards behind it and bifurcated into the right and 
left coronary arteries. This small vessel clearly represented the ascending 
aorta, in which, however, the blood-stream was directed downwards. 

After giving off these branches the pulmonary artery actually became 
continuous with the aortic arch, there being a marked stenosis at the point 
of junction. This stenosis undoubtedly accounted for the large size of 
the ductus arteriosus. 

The aortic arch gave off the right common carotid, the left common 
carotid, and the left subclavian. Immediately below the junction of the 
ductus arteriosus with the descending aorta an abnormal right subclavian 
arose. 

The latter vessel, as is usual in this abnormality, passed to the right 
behind the trachea and cesophagus to reach the first right rib, 
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Discussion. 


Dr J. CAMERON said that Mr Gilliatt brought the specimen for his 
inspection, and he was much struck by the extraordinary features which 
it presented. The trunk which sprang from the ventricular chamber 
appeared to him at first to be a persistent truncus arteriosus, but a little 
careful dissection exposed the vessel representing a very unusual form of 
ascending aorta in which the blood-current was actually descending. 

The specimen at first sight exhibited what looked like a common ven- 
tricle, but on consulting Professor A. Keith he was informed that a chamber 
representing the left ventricle would probably be found. On closer inspec- 
tion this was shown to exist as a minute recess from the left auricle. 

Dr R. J. GLADSTONE mentioned a very similar case, which he had pre- 
viously shown at a meeting of the Anatomical Society, at King’s College. 
In this specimen the left ventricle and ascending aorta were rudimentary. 
It differed, however, from Mr Gilliatt’s specimen in the manner in which 
the coronary arteries were filled. These received their blood from the rudi- 
mentary left ventricle, and the ascending aorta above the coronary arteriés 
was obliterated; whereas in Mr Gilliatt’s specimen the ascending aorta, 
though small, was patent, and the blood reached the coronary arteries by 
coursing in a downward direction from the arch of the aorta, and there 
was apparently no communication with the left ventricle. 

He contrasted this case with those in which the right ventricle and 
pulmonary artery are rudimentary or absent, and those in which there 
is a common ventricular chamber due to absence of the interventricular 
septum. In the latter, tricuspid, pulmonary, mitral, and aortic orifices are 
all present, and open into the single chamber. 


(4) Mr A. MacpHaiL exhibited a specimen showing an abnormal con- 
dition of the maxillary antrum. 


(5) Professor F. G. Parsons demonstrated the mode of termination of 
the ligamenta dentata by means of a specimen which he said was typical 
of eight cases he had observed. The last pair of ligamenta dentata was 
situated between the exit of the twelfth thoracic and the first lumbar 
nerves ; and instead of being shaped like the tooth of a saw, each consisted 
of a narrow oblique band running downwards and outwards from the 
beginning of the conus medullaris. 

Professor Parsons suggested the possible value to surgeons of thus being 
able to localise the twelfth thoracic and first lumbar nerves. 


(6) Professor F. G. Parsons showed several specimens of hip-joints, in 
which the ridge on the front of the neck of the femur coincided in position 
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and direction with the outer limit of a groove transmitting a special band 
of zonular fibres, which gripped the head of the femur just lateral to the 
articular area. This band was deep to the main part of the capsule, from 
which its fibres were not easily separable, though they often left a groove 
in different parts of the neck of the femur. 

As a result of piecing together the information gained from several 
specimens, Professor Parsons believed that the band was attached anteriorly 
to the lower part of the spiral line just in front of the attachment of the 
pectineo-femoral ligament. From this it passed round the top and back of 
the neck and, as it approached the lower part, was reflected towards the 
acetabulum just behind the pectineo-femoral ligament: 

It was suggested that the continuity of this zonular gripping band 
below was interfered with by the presence of the ligamentum reflexum, 
which is always to be seen, and represents the remains of the invagination 
of the synovial membrane by the ligamentum teres. 


(7) Dr J. CamMERon and Dr R. J. GLADSTONE gave a communication 
which represented only a first instalment of a piece of work upon the 
structural continuity of the cell-elements in the blastoderm during the 
early stages of development. This work had for its chief object the 
demonstration of the following points :— 

I. It is the nuclei with their contained chromatic material, rather than 
the cell-elements, which should be regarded as wnits of structure. 

II. There is an organic continuity between the cell-elements of the 
connective, epithelial, and other tissues of the body. 

III. This continwity is in most cases primary and not secondary. 

IV. The so-called intercellular substance forms an essential part of a 
continuous living tissue, which with its contained nuclei forms a plas- 
modium. We prefer this name to “syncytium,” which signifies the fusion 
of previously separate cell-elements. 

In considering these points we should like to emphasise the importance 
of distinguishing the protoplasm which immediately surrounds the nucleus, 
commonly known as the endoplasm, and the protoplasm which lies external 
to this, called the ectoplasm. The ectoplasm is in many tissues spoken of as 
cement substance. We consider this material, however, to be living proto- 
plasm, and it establishes an organic continuity between the cell-elements. 
The cell-elements influence one another through the medium of this living 
protoplasm, and there is thus a physiological continuity as well as a purely 
material continuity. If this continuity is interrupted by artificial separa- 
tion of the cell-elements, the unity of the organism is also broken up, as 
has been shown by the experiments of Driesch and others on Echinus larvee, 
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which show that separated blastomeres, in the two- or four-celled stages, do 
not produce embryos consisting of right or left halves, or quarters of a 
whole embryo, but each separated blastomere produces a complete embryo, 
though of smaller size than the normal. In the normal condition there is 
an interaction of one cell upon another, which must be through this ecto- 
plasmic layer, and this layer must therefore be regarded as an essential 
part of the complete organism. 

The blastomeres of the segmentary ovum of Hchinus esculentus are 
embedded in and held together by a zone of clear ectoplasm. The ecto- 
plasmic bond of continuity between the cell-elements can also be demon- 
strated in amphibian and avian ova. 

In mammalian ova, e.g. the blastocyst stage of the mouse, the dividing 
nuclei of the blastomeres are held together by a continuous protoplasmic 
mass, the whole representing a plasmodium. 

In the entypy stage of the mouse ovum the plasmodial nature of the 
trophoblast, of the invaginated ectoderm, and of the covering layer of endo- 
derm is still readily recognisable. We could detect no divisional line in 
the partition of ectoplasm uniting any two adjacent cell-elements. 

We further demonstrated the plasmodial structure of the placenta in 
the guinea-pig, and find that the continuity of the cell-elements is primary 
(plasmodium) and not secondary (syncytium). 

In the first-day chick embryo continuity is present in all three layers of 
the blastoderm. Protoplasmic bridges connect the mesoderm cell-elements ; 
and where nuclear division is taking place, the daughter nuclei which 
result from this are connected by protoplasmic bridges both with one 
another and with the parent tissue. 


(8) Mr W. M‘Apam Ecctks and Dr Finzi exhibited skiagrams to show 
the value of a knowledge of “depth” in anatomy. In explaining these 
skiagrams Mr M‘Adam Eccles made the following remarks :— 

The teaching of applied anatomy is always interesting and most instruc- 
tive. In surgery a knowledge of the “depth” of organs, structures, and 
cavities from the surface is of great importance. Such a knowledge is not 
often acquired during the period spent in the study of anatomy by the student. 

The introduction of skiagraphy, and particularly in relation to gunshot 
wounds, has rendered it even more important for the clinician to possess 
at any rate a fair knowledge of depth. 

We (Dr Finzi and I) therefore venture to bring before you this afternoon 
a short series of skiagrams illustrative of the desirability of such knowledge. 

Let us take the skull. The depth of the pituitary fossa from the 
bridge of the nose; the distance of the apex of the petrous portion of the 
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temporal bone from the zygoma; the depth of the posterior part of the 
orbit from the side of the skull; the relations of the sphenoidal and 
maxillary antra to surface structures. All of these are good examples 
of the facts which require elucidation. 

Then in the cervical region, the depth of the trachea and the ceso- 
phagus from the front and the side of the skin covering the tissues of the 
neck ; the position of the cervical spinous. processes in relation to the 
surface of the back of the neck ; and the depth of the trachea at the level 
of the top of the manubrium sterni are all points of surgical interest. 

The proportionate depth of the mediastina; the distance between the 
side of the pericardium and the hilum of the lung with its bronchial 
glands ; the depth at which the ventral aspect of the pericardial sac lies 
from the surface, again show the value of this knowledge. 

In the abdomen the distance between the posterior aspect of the ventral 
wall of the abdomen and the anterior surface of the lumbar vertebra 
is of considerable significance. 

The knowledge of the depth of the lobes of the liver antero-posteriorly 
helps materially when searching for a deep-seated hepatic abscess. 

The depth of the false and of the true pelvis is very different from the 
general idea in the mind of the average medical practitioner. 

In the upper limb, the depth of the musculospiral groove from the 
surface, the thickness of the tissues covering the anterior aspect of the 
elbow-joint, are points of interest. 

In the lower limb, the distance between the outer surface of the great 
trochanter, through the trochanter and the neck of the femur into the 
bottom of the acetabular cavity, is of value when it is necessary to select 
a screw for use in uniting the fragments in an intracapsular fracture of 

- the neck of the thigh bone. 

The depth of the popliteal surface of the femur from the skin at the 
back of the knee is known to few surgeons. 

When considering depth, the anatomist, the radiographer, and the 
practical surgeon should not only look at the question from its absolute 
point of view, but also relatively to bony and other distinctive landmarks. 

Thus, for instance, we may describe the femoral artery in Hunter’s 
canal as being internal to the femur and two and a half inches on the 
average from the skin surface of the anterior aspect of the thigh, but we 
may also locate it as being one-third the distance from the front in an 
antero-posterior section of the limb. 

A knowledge of this fact will at once make clear that the artery in an 
amputation by antero-posterior flaps in the middle of the thigh would be 
found in the anterior flap. 
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(9) Professor F. Woop JONES was not present to give his paper upon 
the homologies between mammalian and chelonian types of genitalia, and 
this was accepted as read. 


(10) The paper upon the rotation of the intestine by Professor J. E. S. 
Frazer and Dr C. H. Ropsins was postponed until the next meeting of 
the Society. 





JUNE 1915 





MEETING (in place of the usual Summer Meeting) held on Friday, June 4, 
1915, at St Mary’s Hospital Medical School; the President, Professor 
Howden, in the chair. 

Twelve members and twenty visitors were present. 


(1) Mr T. YEATES gave the following demonstration of an early ferret 
heart, the features of which were displayed by lantern slides of reconstruc- 
tion models :— 

The heart demonstrated is one of a ferret embryo removed from the 
mother fourteen days after coitus. It is curved on its long axis, so as to 
present a convexity directed towards the head end of the embryo. 

At this convexity the myoepicardium is infolded to form the atrio- 
ventricular junction which subdivides the curved tube into a shorter dorsal 
ventricular limb and a longer ventral atrial one. The latter limb is further 
subdivided by the venous valves into sinus and atrium. The ventricular 
limb is single at its arterial extremity, whilst on the other hand the atrial 
limb is bifurcated at its venous end. Briefly, the myoepicardial tube is a 
curved one, single at its arterial but bifurcated at its venous end. 

The myoepicardium is reflected along the attachment of the dorsal 
mesocardium and around the arterial and venous orifices on to the peri- 
cardium. As the dorsal mesocardium is attached, not only to the undivided 
part of the heart tube but also to its two limbs, it, like the myoepicardial 
tube, is single at its arterial but bifurcated at its venous extremity. 

The bilateral origin of the heart is made evident by the existence of 
remnants of the primitive cardiac septum, and also by the fact that the 
endothelial heart has not yet fused into a single tube. 

An interesting point connected with this heart may be mentioned. We 
find projecting into the arterial orifice between the endothelial aorte the 
apex of a large prominent ventral pouch of the pharynx. The apex of 
this pouch appears, from its relation to the second visceral cleft, to be the 
median thyroid. As the arterial orifice has as yet undergone no reversal, 
whilst the ventral wall of the pericardial ccelom is almost completely 
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reversed it appears probable that when the arterial orifice undergoes 
reversal most of the ventral pharyngeal pouch will disappear and be 
replaced by a prominence projecting from the floor of the foregut towards 
its cavity. On the summit of this prominence the median thyroid (apical 
part of the pharyngeal pouch) will open. If this interpretation is correct, 
then the apex of the pouch is the median thyroid, whilst the remainder of 
the pouch represents the tuberculum impar. 

The chief conclusions arrived at after the most careful study of this 
heart are :— 

1. The transverse part of the ccelom alone becomes the pericardium. 

2. There is no folding in of the splanchnopleuric folds, as usually 
described, to form the floor of the foregut. 

3. The tuberculum impar is a result of the reversal of the pericardial 
(transverse) ccelom. 

4. The walls of the transverse ccelom (pericardium) reverse at different 
rates. The ventral wall reverses most quickly, whilst the caudal wall is 
the last to assume its definite position. 

5. Previous to the development of the ventricular loop the heart 
presents a loop, the junction of the limbs of which corresponds to the atrio- 
ventricular canal. 

It may be mentioned that Koelliker has figured sections of a rabbit 
embryo, similar to those from which this heart was reconstructed, but he 
has not given a detailed account of the heart at this stage. It appears 
from his sections that the early development of the heart in the Rodentia is 
similar to that in the Carnivora. Born makes no mention of such stages 
in the rabbit. 

Discussion. 

Professor ARTHUR KEITH dwelt upon the great difficulty of interpreting 
the early stages of the heart. He suggested that the terms “dorsal” and 
“ ventral” should be less freely used in describing an organ the aspects of 
which undergo so great a series of changes in development. 


(2) In the absence of Mr M. G. O’Mattey, Dr JoHN CAMERON demon- 
strated a specimen showing a persistent left superior vena cava. 

The principal features of the specimen were as follows :— 

A well-developed cross-branch connecting jugular veins about 14 inch 
below their junction with subclavian veins. The inferior thyroid veins 
end in a single trunk which joins the cross-branch about ? inch from its 
right extremity. A little to the left of where it is joined by this thyroid 
branch the cross-communication is much narrowed. The narrowing is local. 

The left superior vena cava is little more than half the size of the right. 
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It bears the usual relation to the root of the left lung, and the phrenic 
nerve lies along its left side. 

The left superior intercostal vein joins the left superior vena cava 
about 1 inch below the cross-branch. The vena azygos major joins the 
right superior vena cava at exactly the same level. The similarity in 
position and direction of the vena azygos major and the left superior 
intercostal vein is rather striking. 

A small vein accompanying the phrenic nerve joins the left superior 
vena cava close to and a little to the right of the termination of the left 
superior intercostal. This is apparently the left superior phrenic vein. 

The left superior vena cava is joined by the great or left cardiac vein 
to form the coronary sinus. A valve of two segments guards the mouth 
of the great cardiac vein. The opening of the middle cardiac vein into the 
coronary sinus shows a similar valve. 

There is no trace of a Thebesian valve. 

The thymic veins do not join the cross-branch. They join the left superior 
vena cava close to its junction with the cross-branch and below the latter. 


(3) In the absence of Professor KENELM H. Dicsy, Professor ARTHUR 
KEITH explained a method of preparing dry specimens. 

Wet specimens preserve the original appearances of the fresh tissues 
with great faithfulness, but they have this one disadvantage, that they 
are not very readily handled. For a student commencing to learn anatomy 
it would be helpful if he could handle and feel an organ as freely as he can 
handle the bones. Tissues which have simply been allowed to dry are of 
little use owing to the great and unequal shrinkage which has occurred. 

The nine dry specimens I am showing illustrate a method consisting of 
four stages :— 

1. Fixation by strong formalin. 

2. Gradual dehydration with acetone. 

3. Impregnation with celluloid dissolved in acetone. 

4. Removal of excess of solution while the specimen hardens in the air. 

A few further details may be added. The fixation should be performed 
in situ by injection into an artery. The stronger the solution of formalin 
the better. The dehydration should be slow, the specimen remaining 
in each of at least two strengths before being passed into pure acetone. 
The passage through gradually increasing concentrations of celluloid in 
acetone should be even slower. The last solution should be as strong 
as possible. Finally the organ is removed, wiped, and straightened, or 
arranged in its correct position if necessary. There is ample time, as 
the tissues take half an hour or more to harden. 
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The specimens shown are experimental ones, and could be considerably 
improved upon, as some of them were imperfectly fixed and were de- 
hydrated too rapidly. It will be seen that if a little excess of celluloid 
solution be allowed to dry on the tissue, the specimen can be coloured. The 
method is economical, for the excess of celluloid can be used again, and the 
acetone could, I expect, be recovered by distillation from solutions which 
have become too diluted. I should also like to draw attention to the use 
of sheet celluloid for mounting specimens upon. The sheet is transparent, 
is easily cut by scissors or pierced by a pin; and specimens can be attached 
by catgut or made to adhere by celluloid solution. 


(4) Professor ARTHUR KEITH also gave an abstract of a paper by Pro- 
fessor KENELM H. Dicpy upon the measurement of diaphysial growth. The 
method employed. by Professor Digby consisted in estimating the length of 
the bone upon either side of the foramen of the nutrient artery. The assump- 
tion was made that the principal nutrient artery supplied, in the original 
condition, the primary ossific centre of the shaft, and that therefore the 
growth of the bone in either direction could be directly measured. 

Professor Woop JONEs and Professor J. E. S. FRAZER pointed out that 
the method was correct only in a general sense of the main direction of 
growth; since primarily the nutrient arteries were serial and plexiform 
vessels, and the permanent one was not necessarily the one supplying the 
region of the primary centre of ossification. 


(5) Professor J. E. S. Frazer demonstrated a series of reconstruction 
models prepared by himself and Dr R. H. Rosstns to illustrate factors 
concerned in the rotation of the intestine. 

Starting from the time when the intestinal tube is in the median sagittal 
_ plane, the changes it undergoes in position to reach the adult state may be 
divided into three stages: the first stage lasts until the gut returns to the 
abdomen from the umbilical sac, the second from the return till the cecum 
reaches the posterior abdominal wall, and the third from this on. 

The essential character of the second stage is the presence of the 
proximal limb of the loop to the right of the middle line. With this goes 
fixation of the base of the loop, by the thick dorsal mesentery of the 
duodenum proximally, and by a thick “retention band” which runs from 
this region to the “hind-gut” distally: this last band makes a “colic 
angle” in the tube where the distal limb of the loop turns to the umbilicus, 
and, by holding this angle, relatively approximates it to the duodenum. The 
duodenum is curved out on its: attachment by the growth of the pancreas, 
and is not concerned in the causation of rotation. The turning to the 
right of the proximal limb is probably due to the rapid descent of the 
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liver and the large new vitello-umbilical venous channel running up from 
left to right. Many coils are formed on the proximal limb towards the 
end of the second and beginning of the third month, but not on the distal 
limb, and the intra-abdominal colon and its mesocolon form a median 
septum in the cavity, with stomach and omental bursa on the left, and 
duodeno-umbilical coil on its right, between it and the liver. 

The second stage is that of real rotation. The passage of the umbilical 
gut to the belly is due to pressure on the sac, relatively increased owing 
to fall of internal pressure, consequent mainly on reduction of liver mass. 
Return cannot take place en masse, and the large size of the cecum 
causes it to remain in the sac to the last, so that the proximal limb is 
the first to slip back: it enters the abdomen to the right of the mesocolic 
septum, which is bowed out to the left by it, lifting up the bursa and 
stomach, and the coils fill both sides of the lower part of the belly. In 
doing this they have passed below the level of the stem of the distal 
limb, which is still in the sac, and of the mesenteric vessels, which also 
remain there owing to their close relation to the distal limb. So, when 
finally the distal limb returns, it finds itself lying above the mass of coils, 
the cecum not reaching to the front limit of this mass, but lying between 
it and the liver. The growth of the coils proceeds rapidly, and the cecum 
is pressed back from its position between them and the liver, thus coming 
to lie transversely behind the coils, across their mesentery. It comes into 
relation with the back wall just above the crest of the ilium. Thus there 
is rotation through half a circle affecting the free loop only. . 

The colon and small bowel are now in their proper planes, and the third 
stage is made up of the extensions and fixations in these planes which, 
lasting till after birth, lead to the adult disposition. The place of the 
original colic angle remains at or near the middle line: to its left the 
abdominal mesocolon is laid back in contact with the omental bursa and 
back wall, and will extend upwards and to the left: to its right the 
mesocolon of the umbilical colon is laid back against the duodenum and 
back wall, and will extend upwards and to the right. As these areas 
of mesocolon extend they become fixed, and this is the only fixation which 
the originally median mesentery undergoes. 

Professor ARTHUR KEITH pointed out that the suspensory mechanism 
of the colic angle persisted in the adult rabbit. He expressed the opinion 
that vital growth rather than mechanical factors influenced the rotation 
of the intestines. 


(6) Professor F. Woop JonEs demonstrated the gross anatomy of the 
genitalia of Galeopithecus volans. The curious circum-anal pouch was 











20 Anatomical Society of Great Britain and Ireland 


assumed to be the persistent hinder portion of the cloaca, and the import- 
ace of this type lay in its fixing the site of the posterior cloacal margin, 
which becomes obliterated in most other Eutherian mammals. The affinities 
of this type of genitalia were then discussed, and it was argued that by far 
the nearest match to the adult condition of Galeopithecus was to be found in 
the embryonic stages of many bats, and even in the adults of some species. 


(7) Dr R. J. GLADSTONE showed two examples of right aortic arch, 
one of which presented a persistent left duct of Cuvier. The two were 
discovered in still-born infants, but there was no apparent association 
between the anomaly and the cause of death. In both cases the ascending 
aorta lay to the right of the pulmonary artery, the converse of the con- 
dition which is present in transposition. 

In specimen A, the arch of the aorta gave off three branches, in order 
from left to right: (1) innominate (left); (2) right common carotid; (3) right 
subclavian. A special character of this specimen was the opening into 
the commencement of the subclavian artery of a vessel representing the 
“ductus arteriosus,’ which sprang from the origin of the left pulmonary 
artery. There was no “ductus arteriosus” on the right side. The left 
recurrent laryngeal nerve hooked round the subclavian artery of the 
same side lateral to the “ductus arteriosus” (sixth arch). The right re- 
current laryngeal nerve wound round the aortic arch. The left duct of 
Cuvier persisted, and had the usual relations. It was about half the 
size of the right superior vena cava. 

Specimen B. In this case the right aortic arch gave off four branches: 
(1) left common carotid ; (2) right common carotid; (3) right subclavian ; 
(4) left subclavian. The left subclavian artery when viewed from the 
front appeared to spring from the pulmonary artery, as there was a large 
communication between the two. This represented the “ductus arteriosus ” 
or dorsal portion of the sixth arch. The first part of the left subclavian 
artery was thus derived from the distal part of the left dorsal aorta, 
whereas the first part of the left subclavian artery in specimen B was 
derived from the fourth left arterial arch. 

Dr GLADSTONE also showed a linear reconstruction of the main arteries 
of a 17-mm. human embryo, proving that a very considerable portion 
of the right dorsal aorta between the fourth right arterial arch and the 
seventh segmental artery is utilised in the formation of the normal right 
subclavian artery, and inferred that a similar portion of the left dorsal 
aorta must have contributed to the formation of the left subclavian artery 
in specimen A. 
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IN a former paper (1) I have endeavoured to record what have appeared to 
me to be the fundamental features of the copulatory organ as it is seen 
in the Chelonian Reptiles; and I have, in some measure, traced out the 
development of this copulatory organ from the simple condition of mere 
functional cloacal eversion seen in most Amphibians and in Sphenodon. 
I have already expressed my belief in that paper and elsewhere (2), that 
the type of Chelonian copulatory organ presents many very striking 
resemblances to that seen in the Mammalia. 

These resemblances are not only worthy of record for their own sake, 
and for the light they may possibly shed on the phylogeny of the Mammals; 
but since, as I think, they help to explain the real nature of certain features 
of the external genitalia of man, they are deserving of attention from the 
human anatomist and the student of medicine. 

The Chelonian copulatory organ consists of an intracloacal genital 
tubercle, the genital tubercle being developed on the ventral or pubic 
wall of the cloaca; but the repetition of this definition will effect but 
little unless, at the outset, we arrive at some definite agreement as to the 
precise meaning of the term “cloaca.” 

Cloaca or Cloaca maxima, the Latin name for the great main sewer of 
Rome constructed by Tarquinius Priscus, was naturally applied as a con- 
venient term. for the main sewer of animals very early in the history of 
anatomy, nevertheless it took some time for any very precise definition to 
become attached to the use of the word. 

Hieronymus Fabricius ab Aquapendente (1537-1619), from his studies 
upon the reproductive system of birds, has left his name indelibly associ- 
ated with the mysterious “bursa Fabricii,” the actual nature of which is 
still unexplained three centuries after he had probed into its meaning. 
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Harvey (1651), who followed the teaching of Fabricius closely in his 
work on the Generation of Living Creatures, leaves no doubt as to the 
anatomical entity that he describes under the name cloaca. 

In the original Latin edition, when describing the visceral outlets of 
the hen, he writes: “ Foramina hec omnia adeo sibi invicem vicina sunt, 
ut fere in unam cavitatem concurrere videntur; quam (utpote stercori et 
urine communem) cloacam licet appellare ” (3). 

In the English edition of 1653 George Ent has rendered this passage 
as follows:—“ These holes are all so neer neighbours the one to the other, 
that they seem all to consent to pass into one and the same cavity ; which 
(because it lies common both to the excrement and the urine) may be called 
the sink.” And in another passage in the same work the sink is alluded 
to as “the publik cavity ” (4). 

Gerardus Blasius (1617-1682) uses the term cloaca in exactly the same 
sense (5); and Samuel Collins in his Systeme of Anatomy (1685) applies 
the same word to the same avian chamber (6). 

These authors leave no doubt concerning the chamber with which they 
are dealing; it is the chamber below the openings of the urogenital and 
alimentary tubes into which the contents of both are passed on their way 
to the exterior. 

It is perhaps best to turn to a modern author and find in his definition 
of the term some clue for clearing up the present uncertainty of the 
meaning of “cloaca.” Professor W. Felix defines it as follows :—“By 
cloaca is understood the part of the posterior intestinal bay that lies caudal 
to the point where the allantois is given off” (7). It is quite obvious that 
the writer is here using the term cloaca for a chamber very different from 
that designated cloaca by the older anatomists. 

The difference between these two chambers may be stated briefly. 
Professor Felix alludes to a hypoblastic cavity formed by the continuity 
of the ventral allantois and the dorsal gut ; Harvey indicates an epiblastic 
cavity which invaginates the hind end and ultimately becomes continuous 
with the hypoblastic derivatives. 

These two cavities are at one time entirely separated from each other 
by the cloacal membrane, but by the rupture of this membrane they 
communicate freely at an early stage of embryonic development. Never- 
theless all trace of their original distinction is not lost. “The hypoblastic 
section of the cloaca of birds, which receives the openings of the urogenital 
ducts, is permanently marked off by a fold from the epiblastic section with 
which the bursa Fabricii communicates ” (Balfour, 8). In birds the line of 
demarcation is particularly conspicuous, but in representatives of other 
Orders it is still distinctly indicated. 
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Since, then, there are two chambers to which modern usage permits the 
application of the term cloaca, it has become customary to speak of an 
endodermal cloaca and an ectodermal cloaca. It is to be doubted if this 
nomenclature is an ideal one, and it has certainly led to a good deal of 
confusion. In birds, as we have seen, the two chambers are particularly 
distinct, but even professional ornithologists are not very rigid in their 
terminology. According to Elliot Coues, “a cavity, originally that of the 
allantois of the embryo, persists in common with that of the intestines, 
and is the cloaca. The same cavity contains the penis of those birds which 
are provided with a copulatory organ” (9). Gadow’s terminology is widely 
used by ornithologists. Quoted from Newton (10), Gadow defines the 
cloaca as “the dilated terminal portion of the alimentary canal, which 
opens through the vent.” The cloaca is subdivided into “a vestibulum, a 
urogenital or middle, and a rectal or innermost chamber.’ It is quite 
obvious that in these definitions both endodermal and ectodermal portions 
are included in the chamber termed cloaca: and it is true to say that we 
have in common usage to-day the term cloaca applied to either chamber 
separately or to the two combined. I think that Balfour, of all niodern 
authors, has selected his terminology with the best precision. The 
endodermal cloaca is his “cloacal section of the alimentary tract which 
receives the urogenital ducts”; while the ectodermal cloaca is rightly 
synonymous with his “ proctodeum” (11). The student of human anatomy 
is apt to forget that the proctodeum includes all that depressed area which 
is separated from the posterior hypoblastic cavities by the proctodzal or 
cloacal membrane, as the stomodzum is separated from the anterior end of 
the hypoblastic tube by the stomodzal or oral membrane. 

A modified terminology has come into the literature of human embryo- 
logy. “The anal membrane is also at the bottom of an ectodermal 
depression which may be regarded as a part of the ectodermal cloaca, but 
which is termed the proctodeum or anal pit” (12). This definition is 
quoted from the work of Lewis; but it is almost universal among human 
embryologists to so limit the use of the term proctodeum to that small 
invagination which forms the anus. 

The endodermal cloaca in the higher animals is, of course, but a 
temporary chamber, for by some means or other the hind gut becomes 
separated from the urogenital sinus, and the terminal portions of the 
separate chambers approximating the cloacal membrane cause that 
membrane to be subdivided into an anterior portion or urogenital membrane 
and a posterior portion or anal membrane. If then we are to speak of a 
true cloaca in such a form as man, we should denote all that area of the 
body which, originally lying at the bottom of a depression, has opening 
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upon it the anus and the urogenital sinus. It will be impossible to define 
the limits of this area more precisely without following out its evolution, 
both phylogenetic and ontogenetic, and I will therefore reserve a rigid 
definition of the human cloaca until this evolution has been followed. 

But at any rate I may make a definite rule of terminology that shall 
apply to this series of papers; for by “cloaca” I shall signify only the 
ectodermal cloaca or primitive proctodeum, and by intracloacal copulatory 
organ I shall signify the developed product of a genital tubercle (phallic 
tubercle or cloacal tubercle) which originates in such an ectodermal cloaca. 

An intracloacal copulatory organ still persists in the Mammals both 
among the Prototheria and among the Eutheria, and many partially 
cloacal types occur in more than one Order. 

In some ways the mammalian intracloacal copulatory organ has made 
advances upon the condition seen in the Chelonian reptiles, and it is at 
this point, where further development starts, that the first attempt must 
be made to homologise the parts of the mammalian and chelonian structures : 
provided always that such comparisons seem profitable and natural, and 
appear to be real expressions of phylogenetic elaboration. 

It is no new or original thing to attempt an interpretation of the 
chelonian features in the mammalian external genitalia. The condition 
of the Tortoise has before now been made the stepping-stone towards an 
understanding of the genitalia of the Mammals. Professor Keith has 
directed considerable attention to this point (13); and since his results are 
clearly stated, and his illustrations leave no doubt as to his conclusions, 
I will first deal with the homologies as he has defined them. This account 
I criticise since it is the most authoritative and most readily accessible 
work to which the student may turn; and I criticise it only as such, for 
I am well aware that as a statement of the actual derivation of the parts 
of the human genitalia it does not express Keith’s present views, between 
which and those that I put forward here there is, I think, no very essential 
difference. 

Keith has compared the condition found in the Tortoise with that 
present in Echidna, and this, without doubt, is the best starting-point for 
inquiry. The work of Keibel upon Echidna renders the anatomical features 
with which we have to deal particularly accessible, and makes direct 
comparisons with other forms possible and profitable. 

The Chelonian condition is described by Keith as follows :—“In the 
tortoise the penis is intracloacal; it is formed by a modification of the 
ventral or pubic wall of the cloaca. Practically only the glans is free; 
this is cleft and forms a groove; when erect the margins of the groove 
approximate and form a canal.” Echidna is thus described: “The penis is 
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still intracloacal, but the lips of the glans have fused and formed what 
may be named the phallic canal.” 

The conclusions are clearly put and may be quoted asa whole. “The 
seminal canal is thus made up of two parts: (1) the urogenital sinus 
derived from the endodermal cloaca; (2) of the phallic canal made by the 
union of the lips of the phallic groove.” And again, “In man the penis is 
permanently extracloacal. The urethra is made by the union of the 
phallic canal and urogenital sinus, but the first element is greatly reduced 
in extent, forming merely that part of the urethra contained in the glans.” 

It is obvious at the outset that this comparison has many attractions 
and can be supported by several independent observations upon normal 
development, and by the study of human anomalies. Keith’s explanation 
leaves but little unsatisfied, but it seems to me that it starts from a wrong 
interpretation of the Chelonian copulatory organ. In another passage he 
alludes to this structure as “a phallus or glans”; but I think it is very 
much more than that, for it contains all those elements which compose the 
whole of the mammalian penis. More than this, what Keith names the 
“phallic groove” is obviously the same depression which, following “Owen, 
I have termed “seminal groove,” and this groove involves the whole body 
of the copulatory organ right back to the opening of the urogenital sinus. 
The complete closure of the phallic or seminal groove, therefore, to my 
mind, creates the whole of the penile urethra and not that portion of the 
canal which is within the glans. The urethra which is within the glans is 
in every way peculiar, but I do not see in its development anything to 
suggest that it has been formed by the folding over and the meeting of 
lateral margins: its separate and special development is certain, but it is 
effected in that terminal portion of the copulatory organ which is distal to 
the last traces of the seminal groove. The glans is free of seminal groove 
and seminal guides, and with the closure of the seminal canal in the body 
of the penis this terminal solid portion is tunnelled (as was described first 
by Berry Hart and afterwards independently by myself), by an ingrowth 
which hollows out the fossa navicularis and is at times marked off form 
the seminal groove portion by the valve of Guérin. 

Having made the Chelonian seminal canal represent only that portion 
of the urethra which lies within the substance of the glans of the Mammal, 
Keith derives the penile urethra from the urogenital sinus. This term 
again needs definition. The urogenital sinus is a derivative of the 
endodermal cloaca; being that ventral portion of the endodermal cloaca 
left after the rectum has become separated as the dorsal portion. It 
consists of a chamber into which both genital and urinary channels open 
in the embryo, and which is separated for a time from the ectodermal 
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cloaca by that portion of the cloacal membrane termed urogenital membrane. 
The after-history of the urogenita] sinus becomes complicated in the 
Mammalia, and I will return to this subject. In some Mammals it is a 
long canal in both sexes, but in none does it take any share in forming 
any portion of the penile urethra, which is derived from structures within 
the true ectodermal cloaca. In Man there is no urogenital sinus, in the 
strict sense of the term, in the female; but in the male it is represented 
by that portion of the urethra which is limited above by the opening of 
the genital ducts, and below by the anterior layer of the triangular 
ligament or fascia of origin of the penile musculature. It is true that 
the male penile urethra forms a common urinary and genital passage, but 
this is not to be taken, in any sense, as being an index of its derivation 
from the urogenital sinus. 

So much I have set out by way of explanation, for, although I am 
aware that the statements I have quoted do not represent Professor Keith’s 
present views as to the ontogeny of the human urethra, they are apt to be 
taken by those in search for the phylogeny of these structures as representing 
the homologies of the chelonian and mammalian copulatory organs. 

In order to follow out the homologies more completely, I propose to 
establish comparisons between a typical Chelonian and four Mammalian 
types—(a) Echidna, (b) certain Shrews, (c) Man, and (d) the Mole (7alpa 
ewropea). The Chelonian characters (see fig. 1) I have already discussed 
in a previous paper (14). 

(a) The condition of Echidna I shall be forced to take from the work 
of Keibel and from other published accounts, for I have had no opportunity 
of making a first-hand examination for myself. I am unable to follow 
the developmental phases in the Monotreme for lack of recorded observa- 
tions, and it will be necessary to turn at once to the adult condition. 
Briefly, the copulatory organ of Echidna may be described as an intra- 
cloacal structure which has made advance upon the Chelonian condition 
in that instead of a mere seminal groove it possesses an incomplete seminal 
canal. Owen has summed up the Monotreme condition by saying that 
“if the canal of the penis were slit open along its under part, and thus 
converted into a groove, the male organs of Ornithorhynchus would be 
like those of a Tortoise” (15). In the Chelonian, the completed seminal 
canal exists only during erection and extrusion, in the Monotreme it 
exists in the quiescent state over the great part of its extent, but is 
complete only during erection and extrusion. The seminal guides of the 
Chelonian meet only during functional activity; in Echidna they have 
met and become fused in the mid line and so completed a permanent 
seminal canal, save only over a brief interval intervening between the 
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orifice of the urogenital sinus and the basal portion of the penile canal 
(see fig. 2). In both cases the same functional end is secured; the 
urogenital sinus discharges its products into the cloaca at all ordinary 
times, but during sexual activity they are carried along the seminal canal 
to the tip of the copulatory organ. The condition of the Monotreme is 
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Fic, 1.—The cloaca and copulatory organ of a female Chelone midas. 


best likened to that artificially produced form of hypospadias which is, 
or was, practised among some negro races, and by which a traumatic 
deticiency in the bulb of the urethra could be closed or allowed to 
remain open at will. The difference is that in Echidna erection and 
protrusion in itself obliterates this opening and brings the seminal canal 
into continuity with the urogenital sinus, and so ensures the passage of 
semen to the orifice at the free tip of the copulatory organ. 

Many minor specialisations are seen as advances upon the Chelonian 
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type. The glans of the Monotremes is complex and bifid, each distal 
portion being tunnelled by a separate channel. The prepuce is highly 
developed, and is a permanent structure enveloping the terminal portion 
of the copulatory organ. In the female the copulatory organ is greatly 





Fic. 2,—The cloaca and copulatory organ of Echidna. (After Keibel.) 


reduced, the clitoris being a small flattened body showing a distal tendency 
to subdivision. The seminal guides are, of course, unfused in the female 
and do not appear to be at all conspicuous, for I am unable to tind any 
account of their state of development. 

(b) In certain shrews a cloaca as perfect as that of the Chelonian or 
the Monotreme still persists; the copulatory organ remains intracloacal, 
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but it shows some further advances upon the Monotreme condition. As 
an exainple of this stage of development I shall describe and figure the 
copulatory organ of Crucidura bottigi, although members of several other 
sub-families and genera of the family Soricide exhibit a similar condition. 
Here the cloacal outlet is a conspicuous orifice, elongated in its antero- 
posterior diameter and surrounded by a prominent margin which gives 
rise to a sparse growth of certain specialised hairs (see fig. 3). Within 
the cloaca, and in a special recess of its ventral or anterior portion, lies 
the copulatory organ. 

Compared with Chelonians and Monotremes, the greatest advance 
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Fic. 3.—External view of the cloacal outlet of a‘ male Crocidura bottigi. 


consists in the perfect and permanent formation of the seminal canal by 
the complete fusion, in the whole of their length, of the seminal guides 
of the male. Although in these shrews the copulatory organ is still an 
intracloacal one, and so shows a very lowly linkage with Monotremes and 
Chelonians, there is initiated at this stage that great mammalian change 
by which all the products of the urogenital sinus are at all times passed 
through the male seminal canal. These shrews are therefore in a most 
interesting intermediate condition: they possess a true cloaca, and an 
intracloacal copulatory organ serving not only for copulation and insemina- 
tion, but also as the terminal duct of the urinary system (see tig. 4). 

All this great alteration of functional adaptation is brought about by 
the complete closure of the seminal guides over the entire length of the 
male seminal groove. 

Other modifications are of a minor and secondary nature. The penis 
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becomes considerably elongated (and in some types coiled); the terminal 
portion of the organ is not bifid, and the whole structure becomes more 
typical of the penis seen in the rest of the Eutherian Mammals. In the 
female the seminal guides remain ununited, and a clitoris is present which 
is in every way remarkably similar to that of the female Chelonian. 
These ununited seminal guides constitute the labia minora of mammalian 





Fic, 4.—Section of the cloaca of a male Crocidwra bottigi 
P, penis ; C, cloaca; R, rectum, 


terminology, and they exist as well-marked folds running along the dorsal 
aspect of the clitoris, fading away proximally near to the orifice of the 
urogenital sinus. 

It is to be noted in connexion with these cloacal shrews that although 
in the complete closure of the seminal canal in the male they have 
progressed further from the Chelonian type than have the Monotremes, 
still in some other features of the copulatory organ they retain much 
more the simplicity of the Chelonian. To this point I will return again 
when dealing with the genitalia of the Insectivora as a group. 

Of the embryonic development of the cloaca and intracloacal genital 
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tubercle in these animals I am ignorant; the reproductive habits of the 
smaller cloacal shrews are quite unknown, and material upon which an 
: embryological investigation could be carried out seems particularly difficult 
to obtain. 

(c) In Man we have in the early stages a very complete recapitulation 
of the Chelonian type. In such embryos as the 3-mm. (E. B.) embryo of His, 
the rudiments of the copulatory organ appear as nearly approximated 
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Fic. 5.—Condition of the cloaca and rudiments of the copulatory organ of an early 
if human embryo. (Partly after Keibel and partly from an embryo of 12 somites.) 


bilateral elevations upon the ventral wall of a shallow cloaca (see fig. 5). 
‘ These elevations extend from the cloacal membrane to the anterior cloacal 
margin which is situated not far caudad of the umbilicus. It is therefore 
obvious in Man, as in the Chelonian, that this copulatory organ is an 
Yi ectodermal organ and is developed in the ectodermal cloaca or proctodzeum 
| proper. Fortunately in Man there is abundant material in which to follow 
out the phases of development of this rudiment of the copulatory organ, 
| and considerable certainty may be felt as to the actual condition at 
} different stages. 

The next phase of development is associated with the separation of 
rectal and urogenital passages, with the consequent demarcation of an 
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anterior and a posterior part of the cloaca and the cloacal membrane. 
That portion of the cloacal membrane against which the proximal portions 
if of the genital eminences abut is now known as the urogenital membrane, 
il und by the rupture of this membrane the urogenital sinus comes to open 
between the bilateral rudiments of the copulatory organ. 
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Fic, 6.—Diagrammatic drawing of the human external genitalia to show 
the anatomical structures mentioned in the text. 


Meanwhile the rudiments of the copulatory organ are becoming more 
developed and more specialised. The two bilateral elevations seen in the 
embryo of 3 mm. have become fused at their distal ends into a single 
body, but the evidence of the bilateral origin and median fusion is plainly 
seen in the presence upon its dorsal surface of a median groove (see fig. 6). 

This groove is a mere linear depression towards the distal extremity 
of the genital tubercle, but it broadens out at its base, for in the basal 
portion of the groove is included the whole width of the urogenital 
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membrane. More than this, the bilateral rudiments of the copulatory 
organ extend even behind the urogenital membrane and on to the bridge 
of tissue which separates this membrane from the anal membrane. At 
the tip of the genital tubercle the groove disappears, and it does not invade 
the terminal rounded boss which is beginning to be evident upon the 
developing tubercle. This dorsal groove is the homologue of the seminal 
groove of the Chelonian, and its disposition upon the embryonic human 
copulatory organ is identical with that seen in the adult Chelonian. 

Next, upon the margins of this groove the seminal guides become 
developed. Meanwhile the copulatory organ has enlarged and become 
protruded from the anterior portion of the cloaca: for the functional 
eversion of the Chelonians, Monotremes and cloacal shrews becomes an 
ordinary developmental phase in the higher Mammals. The margins of 
the cloaca, which run as prominent rounded lips around the whole of the 
cloacal orifice, and therefore embrace the anus, undergo some changes with 
these developments. With the protrusion of the copulatory organ, the 
anterior portion of the cloacal lip becomes pushed forward as a fold 
embracing the ventral aspect of the liberated genital tubercle. At the 
sides of the genital tubercle the cloacal lips become especially prominent, 
whilst further back at the sides of the anal membrane, and behind it, they 
become less conspicuous. ‘The margins of the cloacal orifice of the Chelonian 
are directly represented in these human cloacal lips; but the homology 
has been lost sight of in the unequal development which these lips undergo 
in Man, and the especial prominence of a portion of them as the labio- 
scrotal, or outer genital, folds has rather obscured the interpretation of 
their true significance. With the eversion of the copulatory organ in Man 
the whole cloaca becomes shallowed and ultimately forms part of the 
general body surface, and we are at liberty now to define the limits of this 
cloacal area. Originally in the 3-mm. embryo the cloaca and the cloacal 
membrane stretched from near the caudal margin of the body stalk 
backwards to the base of the tail region; but as the subsequent growth 
proceeds, the portion of the body wall intervening between the caudal 
aspect of the body stalk and the cephalic margin of the cloaca increases in 
length, and the umbilicus and the cloaca move apart. This growth is 
continued as the whole embryonic body elongates, and its progress is 
readily appreciated by studying a series of embryos at different stages. 
In the adult, the cephalic margin of the cloaca is marked by that swelling 
in the region of the pubic symphysis which constitutes the Mons Veneris 
of the female, and the Mons Jovis of the male. This anterior margin of 
the cloaca is commonly marked off from the general surface of the 
abdominal skin by a depressed line, very evident in female children but 
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not so well marked in the male. This line has been named the “line of 
Venus,” or by French anatomists “sillon pubo-hypogastrique.” 

The lateral margins of the cloaca are easily followed in the female as 
the labia majora, or in the male, over a certain part of their extent, as the 
scrotal areas. Behind this the cloacal margin diminishes in prominence 
and, after running past the anal orifice, becomes lost by merging in the 
general skin surface. The caudal limit of the cloacal margin is not marked 
by any definite prominence or fold in man; but the site of its disappearance 
is between the posterior margin of the anus and the tip of the coccyx. 
It is on the symphysis pubis anteriorly, and behind the anal orifice 
posteriorly, that the lateral portions of the cloacal margins meet; that is 
to say, there is no real bond uniting the labia majora in a posterior 
commissure between the anus and the vulval orifice. This point I have 
dealt with in a previous paper, and I will not recapitulate the evidence 
derived from adult anatomy here (16). 

We may therefore define the limits of the cloacal area in the adult as 
all that “perineal” space bounded in front by the Mons, at the sides by 
the labio-scrotal folds, and behind by a line passing between the anus and 
the coecyx. Embraced within this area are all the contents of the 
proctodeum: the genital tubercle with its seminal groove and seminal 
guides, the orifice of the urogenital sinus, the bridge of tissue separating 
this orifice from the anus, and the anus itself. 

These structures are at first very similar in the two sexes, but very 
early some differentiation is apparent, and long before the third month 
the male has become very different from the less specialised female. 
With regard to the genital tubercle and the structures associated with it, 
sexual differentiation is naturally most marked. In the male the whole 
organ elongates, the seminal groove deepens and the seminal guides become 
prominent. The most important sexual distinction concerns the area over 
which the seminal guides extend, rather than the degree of prominence of 
their free margins. In the male these folds, which start from near the 
free termination of the genital tubercle, run upon either side of the seminal 
groove to the orifice of the urogenital sinus, and past this to the anterior 
margin of the anus into which (as in the male Chelonian) they enter. It 
must not be forgotten that these seminal guides are functionating male 
sexual structures, and that they cover exactly the same proctodeal area in 
the human male as they do in the male Chelonian. In the human female 
embryo, just as in the female Chelonian, they are reduced, not only in 
prominence, but also in the proctodwal area over which they extend. 
Skirting the seminal groove, they terminate upon the distal portion of the 
female genital tubercle exactly as they do in the male; but traced back- 
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wards, they diminish rapidly in prominence as they pass the orifice of the 
urogenital sinus, and they are lost some way before the anterior margin of 
the anus is reached. The whole evolution of the two sexual types is now 
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Fic. 7.—Three stages in the development of the human male external genitalia. 


centred in (i.) the comparative growth of the genital tubercle, and (1i.) the 
fate of the seminal guides (see figs. 7 and 8). 

In the male the genital tubercle continues to elongate and the seminal 
guides close together and become fused in the middle line over the whole 





Fic. 8.—Three stages in the development of the human female external genitalia. 


of their extent, thus producing a penile seminal canal marked by a median 
raphé which runs the whole length of the “ perineum” between the scrotal 
areas and disappears into the anterior margin of the anus. The actual 
erectile masses of the two seminal guides, of course, form the two component 
halves of the corpus spongiosum. The erectile tissue ceases immediately 
in front of the anal margin as the terminal portion of the “bulb,” but the 

















16 Professor Frederic Wood Jones 


free edge of the seminal guides proceeds further back, and so the median 
raphé passes into the anal margin. 

In the female, the genital tubercle enlarges but little and the rudi- 
mentary seminal guides do not meet or fuse in any portion of their extent. 
There is produced in this way a small clitoris, marked upon its dorsal 
surface by a rudimentary seminal groove, and with rudimentary seminal 
guides depending, as labia minora, free from its margins. The labia 
minora of the female being mere rudiments of male. functional structures 
are naturally somewhat variable in their development, and this variation 
is shown not only in their prominence but in their extent, for they may 
fall short and disappear about half way along the vulval orifice, or extend 
further back, in some cases possibly continuing behind this orifice and 
assisting in the formation of that very vague structure—the “fourchette ” 

The actual erectile masses of the two seminal guides are also reduced, 
and form the so-called “bulbs of the vestibule” which, like the free 
margins of the labia minora, are somewhat variable in the extent of their 
development Even if the free margins of the seminal guides of the 
female pass to the hinder margin of the vaginal orifice and form a genuine 
fourchette in some cases, they certainly do not pass further back, and there 
is no true raphé on the female perineum, nor is there in the anal margin 
any representation of the sexual seminal guides. It is not a little strange 
that there is thus a real sexual distinction between the anus of the male 
and female, and I do not know that the fact has been previously noted 
(see fig. 9). 

The prepuce in both sexes is a secondary formation derived from the 
ectodermal covering of the genital tubercle. 

I have dealt in other papers with special details of the development 
of the external genitalia, and I will not proceed further with these points, 
since the description given here is sufficient to permit of a general summing 
up of the cloacal evolution in Man. 

The cloaca unfolds during development; the genital tubercle is freely 
exposed upon the surface of the body; and the bridge of tissue interposed 
between the urogenital sinus orifice and the anus, which constitutes 
the roof or innermost recess of the cloaca, becomes superficial. This 
cloacal roof, by being extruded and flattened upon the surface of the 
body, forms the “perineum,’—marked by the fused posterior ends of the 
seminal guides in the male but free of these ridges in the female. 

The unfolding of the cloaca is not so complete in the female as it is in 
the male, and the vulva may be regarded as the ventral segment of a shallow 
cloaca, the posterior segment of which is thrown into continuity with 
the general body surface by the fading away of the posterior cloacal 
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margin. Since here the whole trend of cloacal evolution consists in an 
outfolding of the cloacal margins with the eversion of the cloaca, I have 
ventured to apply the term Cloaca explicata to animals following this 
type of development. 

(ad) I have chosen the Mole (Zalpa ewropea) as an example of yet 
another type of development of the external genitalia, and I have made 
this choice mainly because, owing to the kindness of Mr R. H. Burne, 
Mr Lionel E. Adams, and Professor L. Doncaster, I have been able to avail 
myself of a very complete series of embryos. Further, I have already 








Fic. 9.—The actual distribution of the raphé in a male feetus. 


described the development of the genitalia in this animal in connexion 
with its sexual peculiarities (17), and therefore minutiz need not be entered 
into here. I am well aware that, in some ways, the choice of this animal 
is a bad one, since the development of the genitalia of the Mole exhibits 
some very curious features which, so far as I know, are peculiar to it, 
and possibly to its immediate kindred. Still, even if it carries this second 
mode of development to extremes, it shows its normal stages particularly 
well, and where it departs from the normal method of its type it can be 
supplemented from stages seen in other animals of which I am unable 
to study so complete an embryonic series. In its earliest stages the Mole 
shows exactly the condition described as typical of the adult Chelonian, 
or of the early embryo of Man. The cloaca and its margins, and the 
genital tubercle, are similar in every way to the same structures in the 
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early human embryo. The primitively intracloacal genital tubercle pro- 
trudes from the cloaca in the manner I have already described ; but now, 
instead of the cloacal margins being outfolded with the complete exposure 
of the cloacal cavity upon the surface of the body, they become infolded, 
and they meet in the middle line, first immediately in front of the anus, 
and then, the meeting spreading forwards, they begin to ensheath the 





Fie. 11.—The external genitalia of a foetal ram of 37 cm. 


genital tubercle itself. The cloacal margins remain prominent around 
the anus, they meet and fuse and become prominent in front of it, and 
then they embrace the genital tubercle. This wave of union spreads 
forwards as development proceeds, and when the embryo is about half 
way to full term but little of the tip of the genital tubercle is to be seen 
projecting free of the ensheathing cloacal margins. By full term the 
whole genital tubercle is entirely covered, and the two sexes present 
identical outward appearances (see fig. 10). This growth of the cloacal 
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margins prevents the changes which are taking place in the genital 
tubercle from being visible to external examination. In the male, however, 
exactly the same changes are going on as have been described in the 
type Cloaca explicata. The seminal guides have met and enclosed a 





Fic. 12.—Section of the terminal portion of the penis 
ofa horse. (From Sisson.) 


perfect penile seminal canal which is itself enclosed within the ensheathing 
envelope of the cloacal margins. 

This mode of development of the male external genitalia of the Mole is 
typical of a large class of Mammals, and it varies only from that seen in 





Fic, 13.—The external genitalia of a foetal rabbit. The actual specimen 
was a female, but both sexes are alike externally at this stage. 


the majority of members of this class in that the penis is not carried so 
far forward on the abdominal surface as it is, for instance, in the Ungulates. 
The penis of the Mole is somewhat pendulous, and it is not carried forward 
to anywhere near the region of the umbilicus, whereas in the foetal Sheep 
(typical of Ungulates) the binding down is much more marked and the 
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extremity of the penis approximates the caudal aspect of the umbilicus 
(see fig. 11). This variation, which shows all intermediate stages, is one of 
degree only, and does not in any way affect the main features of this mode 
of development. 

It is obvious that the genital tubercle or penis in the adult males of 
animals of this type is enclosed within a secondary covering derived from 





Fie. 14.—The external genitalia of a foetal mare. 


the cloacal margins or outer genital folds; this secondary covering is not 
to be confused with the prepuce such as we see it in Man. In the 
nomenclature of veterinary anatomy this secondary covering constitutes 
the “sheath,” and within this sheath a true prepuce may or may not be 
developed for the protection of the glans (see fig. 12). 

It is with regard to the female that the mole shows itself anomalous 
and carries this mode of development to extremes, for the seminal guides 
of the female meet and fuse just as they do in the male,—this is, however, 
quite an exceptional departure. 
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In the females of other animals following this type of development the 
seminal guides remain apart and ununited as they do in the human female. 
Again, as in the male, the degree of burying of the genital tubercle varies 
greatly ; in the Mole it is complete and the female resembles the male in 
all outward respects; in most Rodents the female equivalent of the sheath 
is well developed and it is very difficult to distinguish the sexes (see fig. 13) ; 
in the Ungulates its development is not as a rule so great and sexual 
distinction is well marked (see fig. 14). This female development of the 





Fic. 15,—The vagina and vulva of a young sow 
exposed from the dorsal aspect. 


V, vagina ; H, hymen; U, orifice of urethra ; 
LM, labia minora ; C, clitoris, 


sheath is of course merely a development of the labia majora, and whatever 
its degree of prominence it is always sufficient to cause the clitoris and its 
rudimentary seminal guides (labia minora) to be hidden from view and to 
be deeply placed vulval structures. 

In the females of this type, therefore, the vulva is deep, it is surrounded 
by labia majora, but the labia minora are not visible from the surface, and 
the vaginal orifice marked by the hymen is situated at the bottom of a 
deep recess (see fig. 15). The bridge of tissue between the anal margin 
and the vulval orifice is not merely the cloacal roof, but corresponds to the 
supposed “posterior commissure” of human anatomy, — the posterior 
meeting of the cloacal margins or labio-scrotal folds. 
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The whole trend of development in both males and females of this type 
may therefore be summed up by saying that the cloaca evolves mainly by 
the infolding of its margins, and I have ventured to apply the term 
Cloaca implicata to those animals which conform to this type of develop- 
ment. The factors which underlie the development of these types, and the 
extent to which individuals of the various Mammalian Orders conform to 
them, I will deal with in future papers. 


[Towards the cost of some of the material used in this work assistance 
has been afforded from the Dixon Fund of the University of London. ] 
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DEVELOPMENTAL CHANGES IN THE PERICARDIUM, THE 
MESOCARDIA, AND THE PLEURAL SACS IN THE HUMAN 
EMBRYO. By Davin Warerston, M.D., University of St 
Andrews. 


THE descriptions and the figures in this communication have been taken 
from wax-plate reconstructions which I have prepared.from the following 
embryos :—(1) Embryo 2W1, approximately 3 mm. in length; (2) Embryo 
S1, 6 mm. in length; (3) Embryo S3, 22 mm. in length. 





Fic, 1.—Dorsal wall of pericardial cavity of 3-mm. embryo, 


A, right duct of Cuvier; B, sinus venosus; C, body-wall; D, floor of peri- 
cardium (septum transversum); E, left duct of Cuvier; F, left portion 
of atrium ; G, dorsal mesocardium. 


Se, 


The first of these embryos was described in the October number of 
this Journal. The other embryos have not yet been described, and for 
the present I need only say that they were both obtained from operation 
cases and were in excellent condition. 

The completed models, which included the heart and adjacent portion 
of the trunk, were dissected so as to give corresponding views in the various 
embryos: viz., after removal of the ventral wall of the pericardium the 
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heart was removed from that cavity by the division of the great vessels 
and of the mesocardia, and at a later stage, in the two earlier specimens, the 
septum transversum was removed in a piece by making a vertical cut 
through the lateral body-wall dorsal to the attachment of the septum so 
as to give a view of the thoracic and upper abdominal portions of the 
dorsal wall of the body cavity. 

The first figure shows the appearances found in the moue: of the 
3-mm. embryo after the removal of the heart from the pericardial cavity. 

The dorsal mesocardium forms at this stage a continuous fold lying 
vertically and extending from the truncus arteriosus (just above the upper 
margin in the figure) to the cephalic (dorsal) margin of the septum 
transversum below. The two layers forming the mesocardium spread 
out dorsally on to the ridge formed by the mesoderm surrounding the 
trachea, and caudally on to the margin of the septum transversum. Two 
pulmonary veins lay in this mesocardium, but are not shown in the figure. 
The margins of the septum transversum passed laterally to the body-wall 
and there received the duct of Cuvier on each side. The mesocardium 
at this stage resembles an inverted T, the stem of the T being the dorsal 
mesocardium and the transverse piece corresponding to the lateral portions 
of the margin of the septum transversum. The vitelline and umbilical 
veins opened into the portion of the sinus venosus which is still embedded 
in the septum transversum. 

The second figure shows the corresponding parts in the embryo 6 mm, 
in length. The vertical portion of the dorsal mesocardium has almost 
entirely disappeared, only a smal] portion persisting at the cranial end, “ 
transinitting the truncus arteriosus to the dorsal wall. The disappearance 
of the central portion of the dorsal mesocardium gives origin to the 
transverse sinus of the pericardium. 

The ducts of Cuvier now pass to the heart from the dorsal and not y 
from the lateral wall of the trunk, and the left duct opens at a higher 
level than does the right, in contrast to the condition in the first specimen. 
The vena cava inferior opens into the heart through a prolongation of the 
mesocardial “bare area” on to the floor of the pericardium ventral to the 
dorsal edge of the septum transversum. 

The attachment of the lower “venous” portion of the dorsal meso- 
cardium now forms a U-shaped figure, one duct of Cuvier opening at 
the extremity of each of the limbs of the U, and the base of the U 
corresponds to the dorsal margin of the septum transversum. 

The mesial portion of this septum retains its attachment to the dorsal 
body-wall, but laterally—eg. dorsal to the level indicated by C in the 
figure—it is not so attached, and at this point on each side a pointer 
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can be passed dorsal to the edge of the septum transversum caudally into 
the abdominal division of the ccelom, traversing the pericardio-peritoneal 
passage. 

The ducts of Cuvier have, as it were, been drawn towards the head 
from the septum transversum, and the letter F in the figure indicates a 
prolongation of the thin margin of the septum, which is continued to the 
duct of Cuvier and which is most distinct on the left side. The pleuro- 
pericardial passage lies on each side between this fold and the ridge form- 
ing the dorsal wall of the pericardium. 

The fold F, originally the dorsal margin of the septum transversum, 
has, however, undergone a considerable modification, and is now continued 








Fie. 2,—Dorsal wall and floor of pericardial cavity of 6-mm. embryo. 


A, right duct of Cuvier; B, mesocardium ; C, dorsal margin of septum transversum; D, upper 
remains of dorsal mesocardium; E, left duct of Cuvier; F, mesocardial fold. 


into a prominent fold on the caudal surface of the septum transversum 
which extends in a ventral direction to the liver, which now projects from 
the caudal surface of the septum, forming the ventral pillar of the 
diaphragm, and dorsally to the cephalic end of the Wolffian body—a fold 
which forms the dorsal and ventral pillars of the diaphragm. 

Fig. 3 shows the pericardial sac in the third embryo, in which the 
sac is completely closed. 

The remains of the cephalic portion of the original dorsal mesocardium 
are seen connecting the aorta and the pulmonary artery to the dorsal wall 
and constituting the arterial mesocardium. The caudal (venous) portion 
of the mesocardium has no longer the U-shaped appearance of the second 
stage, for the limbs of the U have become shortened by the approximation 
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of the ducts of Cuvier, and the base of the former U has drawn away from 
the orifice of the vena cava inferior. There is now a wide mesocardium 
showing: (1) the orifice of the vena cava inferior caudally ; (2) immediately 
cephalic to this point the mesocardium is widened transversely for the 
pulmonary veins of the two sides which are drawing apart ; and (3) cephalic 
to these is a narrower vertical portion which bifurcates at the top to 
receive at each lateral extremity the duct of Cuvier. 
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Fic. 3, —Dorsal wall and floor of pericardial sac of 22-mm, embryo. 

A, right duct of Cuvier; B, ascending aorta; C, dorsal arterial mesocardium ; D, arterial 
mesocardium ; E, left duct of Cuvier, divided; F, mesocardial fold; G, vena cava 
inferior; H, floor of pericardium ; K, pulmonary veins; L, pleura and pericardial 
wall; M, apex of lung; N, pleural cavity; P, pulmonary artery. 


The left lateral prolongation forms the ligamentum vene cave sinistre 
of the adult, while the remaining portion of the mesocardium forms the 
definite adult venous mesocardium. 

The pleuro-pericardial oritice was situated dorso-medial to the fold 
indicated by the letter F in this figure and in fig. 2. That orifice is now 
closed, and it is clear that the closure has been effected by the fusion of 
the fold F with the dorsal wall of the pericardium along the line 
extending from the duct of Cuvier to the point at which the central 
portion of the septum transversum is attached to that dorsal wall. 
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The changes thus indicated are more readily followed by reference to 
figs. 4 and 5, of which fig. 4 shows the portion of the dorsal wall of the 
cceelomic cavity of embryo 1 as seen after removal of the septum transversum 
by the dissection described earlier in this paper. The upper portion of the 
stippled area in that figure (4) indicates the attachment of the dorsal 
mesocardium, and the lower part the dorsal attachment of the ventral 
mesentery of the stomach. The level of the pointers B indicates the level 
at which lay the dorsal margin of the septum transversum and the cephalic 











Fic, 4.—Dorsal wall of the pericardial and upper peritoneal portions of 
ceelom with pericardio-peritoneal passages and commencing lung buds. 


A, ducts of Cuvier in body-wall; B, mesodermal lung swellings ; 
C, D, pneumato-enteric recesses ; E, dorsal mesocardium. 


extremity of the pericardio-peritoneal passage, and in these passages on 
each side is the prominence formed by the mesodermal lung. 

Fig. 5 shows the corresponding parts in the second embryo. In the 
middle line of the dorsal wall are shown: (1) the upper remains of the 
dorsal mesocardium, (2) below that the region of the transverse sinus of 
the pericardium, and (3) the upper margin of the ventral mesentery of 
the intestine. 

Laterally are shown the right and left ducts of Cuvier, divided, and on 
the left side a small portion of the fold F, from which a fold is continued 
dorsally around the lateral surface of the prominence of the lung. 
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The thickened margin of the fold F, forms the pleuro-pericardial 
membrane, and the fold prolonged from F on the dorsal surface of the 
septum transversum forms the pleuro-peritoneal membrane. The folds or 
membranes which effect the closure of the pericardial sac and the separation 
of the pleural from the peritoneal divisions of the ccelom are present, but 
have not as yet united to the walls opposed to them so as to effect that: 
closure. Comparison of figs. 3 and 5 shows the great growth changes 
which occur, and which alter profoundly the relative positions of the lungs 
and pleural sacs to the pericardial cavity. 





~ \ 4 
Fic. 5.—Dorsal wall of pericardial sac, pericardio-peritoneal passages, and upper 
part of peritoneal celom in 6-mm, embryo, 
A, duct of Cuvier; B, mesocardial fold; D, dorsal mesocardium, arterial ; E, duct of Cuvier; F, 
mesocardial fold, now forming pleuro-pericardial and oval margin of pleuro-peritoneal mem- 


brane; G, ventral mesogastrium ; H, lung bud in pleural division of celom; K and L, right 
and left pneumato-enteric recesses, the left very small; M, stomach; N, Wolffian ridge. 


In fig. 5 the developing lungs lie dorsal and caudal to the pericardium \\ 
and on the caudal and dorsal aspect of the original septum transversum. 

Fig. 3 shows that the lung has grown towards the head behind the 
upper part of the pericardium, and has also extended ventrally so as to 
intervene between the pericardium and the lateral body-wall. With the 
growing lung, the pleural cavity has expanded in the loose mesenchyme 
tissue which occupied these regions. The illustrations forming figs. 3 and 
5 were made by Mr W. Champneys, and the models of embryos 1 and 
2 have been reproduced very successfully by Mr S. Boyes, 63 Hafton 
Road, Catford, S.E., who is prepared to supply copies of these models. 

Part of the expense of the preparation of the original wax-plate 
models was defrayed by a grant from the Royal Society. 














THE MUCINOUS CHANGES OF THE VAGINAL EPITHELIUM 
OF CERTAIN MAMMALS IN PREGNANCY.' By F. J. F. 
BARRINGTON. 


(From the Graham Research Laboratories, University College Hospital Medical School.) 


THE tissues of freshly killed animals were hardened in a sublimate-formol- 
acetic mixture and cut in paraffin. Mallory’s iron hematoxylin, van Gieson 
and Mayer’s muci-carmine, were the stains used. The latter was the only 
mucin reagent employed. 


GUINEA-PIG. 


In Pregnancy and Lactation.—Only such animals were considered 
pregnant as showed visible swellings in one or both uteri. It therefore 
follows that the very earliest stages of pregnancy were not observed in 
this series, since the uterine swelling takes some time to develop. The 
period of pregnancy was not known in any case; it was estimated roughly 
by the size of the fcetus. Eighteen animals were examined, which were 
classed as five early pregnancies, six about mid-term, and seven late 
pregnancies. Of the last, two appeared to be about full-term. Consider- 
ing first the five early cases, the vaginal epithelium of one consisted of 
two or three layers of cells with large, clearly staining nuclei. The cells 
next the lumen were shortly columnar with the nucleus situated at the 
basal end, while the part of the cell on the luminal side of the nucleus 
gave afair mucin reaction. The epithelium of the next two cases resembled 
the first, except that the cells next the lumen were taller and the mucin 
reaction was more marked. The mucin was still only situated on the 
luminal side of the nucleus, so that there was not a row of nuclei in the 
red zone of mucin. The fourth case showed the luminal row of cells to be 
taller still; their nuclei were darker stained than in the basal layers, and 
mucin was present on both sides of the nucleus, so that there was a red 
zone with a row of nuclei just within it. In none of these four cases was 
the epithelium thrown into folds. In the fifth case the luminal row of 
cells was both taller and broader; the nuclei were situated near the middle 
of the cells, stained deeply, and were irregular in shape as if from com- 
pression. The mucous membrane was thrown into small folds and had 


1 The expenses of this research were defrayed by grants from the Graham Research 
Fund. 
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the appearance of being too large for the submucous layer. The cases in 
this class, formed of all the early pregnant guinea-pigs, thus present a 
series showing a gradual increase in the size of the luminal row of cells 
and in the amount of mucin they contain. 

The six members of the second class resembled the fifth case fairly 
closely. In two of them the folds of the mucous membrane were much 
more marked and resembled those of the last class. The mucous membrane 
of the seven cases of late pregnancy were identical in every respect. The 
folds were so numerous that they had become contiguous, producing the 
appearance of an epithelium of eight or more layers of cells. When care- 
fully examined, however, the epithelium was seen to be composed of the 
same cells as in the first stage—namely, a basal layer of one or two rows of 
very flattened cells with clear nuclei and no mucin, and a luminal row of 
tall expanded cells, greatly distended with mucin and having deeply 
stained, compressed nuclei situated about the centre. 

From these facts it may be concluded that in guinea-pigs during 
pregnancy the vaginal epithelium gradually becomes both thicker and 
broader from an increase in size of the cells in the row next the luinen 
owing to their distention with mucin. The process appears to be complete 
some time before term in the latter half of pregnancy. 

Twelve guinea-pigs have been examined at known intervals after 
parturition. In all twelve the young lived and went on sucking till the 
mothers were killed. In one, less than twenty hours after parturition, 
the vaginal epithelium resembled that described at full term in every 
respect except that the basal, non-mucinous cells were not so flattened, 
so that this layer was more conspicuous. Two were examined five days 
after parturition. In these the folds of mucous membrane showed intervals 
between them as if they had shrunk away from one another ; the mucinous 
layer was rather thinner, and in it were numerous clear spaces, many of 
which contained leucocytes. Two cases, ten days after parturition, differed 
from each other. One showed simply a more advanced vacuolation 
and thinning of the mucinous layer than the five-day cases; the other 
resembled the early pregnancy cases, the epithelium having two to three 
layers of cells, those next the lumen being columnar loaded with mucin, 
and, having their nuclei near the middle, small folds were present. Three 
cases, fifteen days after parturition, showed thinning and vacuolation of 
the mucinous layer; but in one it was not more marked than in the ten 
cases. One case, twenty days after parturition, had an epithelium com- 
pletely free from mucin: it was stratified in the ordinary way four to six 
cells deep; all the cells contained nuclei, and leucocytes were present 
between some of the cells in the layer next the lumen. Three cases were 
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examined respectively thirty, forty, and fifty days after parturition ; they 
all showed a mucinous layer next the lumen with advanced thinning and 
vacuolation. Folds were fairly well marked in the thirty-day case, but 
absent in the other two. 

These observations, though not constant enough to draw any definite 
conclusions, show that soon after parturition the mucin begins to disappear. 
The rate of disappearance either varies considerably in individual cases or 
some other process occurs in the epithelium, apart from pregnancy, and 
becomes superimposed at varying intervals of time after. It further 
appears that usually, under natural conditions of lactation, the mucin is 
not cast off en masse; in only the twenty-day case could this have occurred 
in the twelve above described. In a guinea-pig killed six days after 
parturition, the young having died after one day, the vaginal epithelium 
was stratified and free from mucin as in the twenty-day case. Still 
adhering to the epithelium in some places and quite free from it in others 
was the whole thick mucinous layer with a layer of leucocytes between it 
and the epithelium. The mucinous layer was very thick and not greatly 
vacuolated, so it seems that in this case the basal, non-mucinous cells must 
have proliferated as soon as lactation ceased and the separation of the 
mucinous layer have been brought about by the layer of leucocytes. 

In Non-pregnant Guinea-pigs.—Forty-four guinea-pigs which had no 
visible uterine enlargements were examined. None of them were known to 
have recently given birth, and in none was the uterus subinvoluted. It is 
probable that among the forty-four cases there were a few which were 
pregnant at too early a stage to give uterine enlargements, and possible 
that parturition had occurred in others a week or more before. The 
vaginal epithelium in these forty-four cases showed great variations, and 
all stages described as occurring in pregnancy and the puerperium were 
found except that seen in the last half of pregnancy. The cases fell into 
five groups :— 

Group 1 (seven cases)—The epithelium consisted of three to five 
layers of cells. The cells in the layer next the lumen were distended with 
mucin, and this layer was thrown into folds; the folds were contiguous, 
giving rise to the appearance of several layers of mucinous cells. These 
seven cases were those which most closely resembled the condition seen in 
the last half of pregnancy ; they differed from it in the smaller development 
of the mucinous layer, and in the greater number of basal layers free 
from mucin. 

Group 2 (sixteen cases)—The epithelium was stratified and consisted 
of four to six layers. Mucin was either completely absent or a very faint 
pink tinge was seen in some of the flattened cells next the lumen. 
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It is quite clear that the condition seen in Group 1 is the stage which 
precedes that seen in Group 2, the latter being produced from the former 
by the casting off en masse of the mucinous layer. Group 1 contains 
cases where this layer is cast off in places and adherent in others, and 
Group 2 contains cases where the whole mucinous layer is cast off and lying 
free in the vaginal lumen. 

Group 3 (six cases).—The epithelium was stratified, consisting of three 
to five layers of cells. The row of cells next the lumen gave a well-marked 
mucin reaction. 

This group only differs from the last in the epithelium being rather 
thinner and in the presence of mucin in the luminal layer. 

Group 4 (nine cases).— These exactly resembled those described already 
as being seen in early pregnancy. The epithelium consisted of one or two 
rows of cells without mucin situated basally, with a columnar row, giving a 
marked mucin reaction, next the lumen ; folds were absent or ill-developed. 

In certain cases Group 4 appeared to shade gradually into Group 3 on 
the one hand, and into Group 1 on the other. 

Group 5 (six cases).—The epithelium resembled that already described 
as occurring in the puerperium. The epithelium consisted of one or two 
rows of mucin-free cells situated basally, with a row of mucinous cells next 
the lumen ; folds were well marked but not contiguous, and marked cystic 
formation was present in the mucinous layer. Some cases in this group 
appeared somewhat similar to those of Group 4. 

From an examination of this series it seems that the cycle passes 
successively through Groups 1, 2, 3, and 4 in that order and then back to 
Group 1. Group 5 appears also to arise from Group 3 and to show a 
second way in which the epithelium loses its mucin, but this, though 
apparently the usual way in the puerperium, is less common apart from 
pregnancy than the mucin being thrown off en masse. 

It seems probable that the changes in the non-pregnant animal have 
some connexion with the cestrous cycle, as I have shown to be the case 
with the mucin in the cat’s Bartholin’s gland (Internat. Monatsschr. f. 
Anat. and Phys., Bd. xxx. p. 1). Examination of the uteri and ovaries, 
however, failed to give confirmatory evidence of this. The mere presence 
of mucin does not appear to be dependent on the ovaries, since it can be 
found in the luminal layer of cells in the full-term guinea-pig foetus. In 
four guinea-pigs which were known to have littered, both ovaries were 
removed and the animals killed four, four, nine and twelve months after 
respectively. The vaginal epithelium consisted of two rows of cells, a 
basal, compressed layer, free from mucin, and a columnar layer with mucin 


next the lumen. In one of those killed after four months, well-marked 
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Fic. 1.—Vaginal mucous membrane of a guinea-pig during early pregnancy. 


(Drawn from a Leitz No. 6 objective and No, 3 eyepiece. ) 





Fic, 2.— Vaginal mucous membrane of a guinea-pig pregnant at term. 


(Drawn from a Leitz No. 6 objective and No, 3 eyepiece. ) 
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Fic. 3.—Vaginal mucous membrane of a guinea-pig twenty days after parturition. 
(Drawn from a Leitz No. 6 objective and No. 3 eyepiece. ) 





Fic, 4.— Vaginal mucous membrane of a guinea-pig one year after double ovariotomy. 


(Drawn from a Leitz No. 6 objective and No, 3 eyepiece. ) 
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folds were present, but not in the three others, which resembled each 
other closely. 
OTHER ANIMALS. 


In the rat six individuals were examined. In three which were not 
pregnant the vaginal epithelium was of the usual stratified form and 
gave no mucin reaction. In one pregnant at term and another killed 
within twenty-four hours of parturition the vaginal epithelium consisted of 
one or two rows of flattened cells, free from mucin and situated basally, 
surmounted by about six rows of cells distended with mucin. In these 
sections it was not clear that the thickness of the mucinous layer was 
due to reduplication of the mucous membrane. The sixth rat was killed 
about a week after parturition, the young having died on the first day: the 
epithelium was stratified with four to six rows of cells: the row of 
flattened cells next the lumen gave a very faint mucin reaction. 

Seven rabbits were examined. One had littered one to two days 
before and another was twenty-two days pregnant. In these two the 
vaginal epithelium consisted of two rows of cells. Those next the lumen 
were tall, columnar, full of mucin, and had the nuclei near the bases. 
The basal cells were very flattened and much fewer in number than those 
in the luminal row; they were free from mucin. In the five others, which 
were not pregnant, the epithelium was stratified in three to five rows. 
One contained no mucin: in one the luminal row was rich in mucin, and 
columnar; in the remaining three there was a small amount of mucin in 
the luminal row. 

As far as pregnancy is concerned, the rat and rabbit appear to resemble 
the guinea-pig in the changes which take place in the vaginal epithelium. 

In cats four individuals were examined. Two were in the latter half 
of pregnancy. The stratified epithelium had flattened cells next the 


lumen, a few of which gave a faint mucin reaction: mucin was present 


in some of the vaginal crypts. Parturition had occurred in the two others 
recently; in one less than twenty-four hours before death. In these no 
mucin was found in the epithelium. 

Four hedgehogs were examined. One was in the latter half of 
pregnancy. The other three, which were not pregnant, were killed 
respectively in January, May, and September. No mucin was present 
in the vaginal epithelium in any case. 

In the three rodents examined, therefore, a marked change takes place 
in the vaginal epithelium in pregnancy. This change consists in a great 
increase in the size of the cells next the lumen owing to their distention 
with mucin, This change does not occur in the cat or the hedgehog. 




















SOME ABNORMAL DEVELOPMENTS IN THE VASCULAR SYSTEM 
OF THE FROG (RANA TEMPORARIA). By Watrer E. 
CoLLINGE, M.Sce., F.LS., ete., Research Fellow of the University 
of St Andrews, The Gatty Marine Laboratory, St Andrews. 


NuMEROUS abnormalities in the vascular system of the frog have been 
described by different observers, and probably a still greater number have 
been noticed, but not recorded. The series here described have all been 
met with during a period of about three years. A few occurred in the 
ordinary course of practical work in the zoological laboratory, but the 
majority have been found in the course of a large number of dissections 
made expressly for the purpose. Upwards of five hundred specimens 
have been examined and twenty-two abnormalities observed, the more 
important of which are here described. 

Some of these are interesting as illustrating the persistence of embryonic 
stages, whilst some of the remainder may possibly be regarded as reversions 
to ancestral conditions. 

No. 1.—In the developing frog we have present a median caudal 
continuation of the united posterior cardinal veins, usually known as 
the caudal vein. The lateral portion of these united cardinals ultimately 
forms the anterior part of the reni-portal veins of the adult and the median 
portion of the inferior vena cava, the caudal continuation disappearing. 
In the specimen here figured (fig. 1) the caudal vein has persisted, and 
is seen as a posterior prolongation of the inferior vena cava, which is 
continued backwards to the posterior boundary of the abdominal cavity. 

No. 2.—This abnormality occurred on the left side of the body only. 
It is somewhat similar to one described by Shore,’ only rather more pro- 
nounced. The reni-portal vein is here continued forwards on the outer 
border of the kidney, and curving round the anterior end of that organ 
it opens directly into the inferior vena cava. From the posterior end of 
the kidney the vein gradually enlarges in size; after receiving two lumbar 
veins it becomes still more prominent, until at the anterior border of the 

1 Cf. Milnes Marshall, Vertebrate Embryology, 1893, p. 184; also Shore, “On the 
Development of the Renal-Portals and Fate of the Posterior Cardinal Veins in the Frog,” 
Journ. of Anat. and Phys., 1901, vol. xxxvi. p. 37, fig. 14. 


2 Shore, “ Unusual Arrangement of the Renal Portal Vein in the Frog,” Journ. of 
Anat. and Phys., 1900, vol. xxxiv. pp. 395-402. 
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kidney it is quite double the normal size of this vein. I agree with Shore’ 
that the most probable explanation of this abnormal vein “is that it is 
a persistent part of the left posterior cardinal vein, which normally 
disappears during the later parts of larval life.” 

No. 3.—This interesting abnormality is probably to be explained in 
the same manner as No. 2, but curiously the left reni-portal vein is 
entirely absent. On the right side the femoral, sciatic, and pelvic veins 
are perfectly normal, the former two uniting as usual to form the reni- 
portal vein, which, instead of passing to the outer border of the kidney, 
traverses the ventral surface of that organ, slightly posterior to its middle 





Fic. 1.—Persistent caudal Fic. 2,—Abnormal reni- Fic, 3.—Reni-portal vein con- 
vein. portal vein. tinuous with inferior vena 
cava. 


and gives off two small veins to the substance of the kidney, and then 
passing forwards and towards the median line it enters directly into the 
inferior vena cava. On both right and left sides there are only three 
renal veins. The femoral on the left side is normal as far as the position 
where it should unite with the sciatic; but as there is no reni-portal on 
this side, the whole of the blood from both of these veins must be returned 
to the heart by way of the pelvic and anterior abdominal veins. 

Nos. 4, 5, 6, and 7.—These four are all concerned with the reni-portal 
vein. In No. 4 the vein bifurcates to form a loop before reaching the 
kidney as a single vein. In No. 5 a somewhat similar condition obtains, 
only there is a small commissure connecting the two sides. In No. 6 the 
bifurcation commences at the junction of the sciatic and femoral, so that 

1 Op. cit., p. 401. 
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we might speak of two reni-portal veins on the left side. In No. 7 we 
have a very peculiar looping of the femoral, and the sciatic somewhat 
abnormal, but the chief interest’ in this specimen lies in the persistence of 
what might be described as the anterior portion of the right reni-portal. 
This I regard as a portion of the right posterior cardinal sinus, although 
there is no connexion anteriorly with the heart. In No. 8 we have 
this connexion. 

No. 8.—In this specimen a vein branches from the anterior extremity 
of the right reni-portal vein, which latter vein is continued a little more 
anteriorly than usual. The vein passing from it traverses the body cavity 





Fie, 4.—Looping of the Fic. 5.—Looping of the Fic. 6.—Double reni- 
reni-portal vein. reni-portal vein, _ portal vein, 


on the right side and ultimately opens at the junction of the subclavian 
vein and the right anterior vena cava. Here again we have a persistence 
of the embryonic right posterior cardinal sinus. 

Nos. 9 and 10.—These illustrate two most interesting cases in connexion 
with the anterior abdominal vein. Buller? has described a case somewhat 
like No. 9. In this specimen the anterior abdominal vein is quite normal 
in the medio-ventral line of the abdominal wall; on reaching the region of 
the liver it joins with the hepatico-portal vein and a large branch is given 
off to the left lobe of the liver, but the right branch, a much finer one, 

1 Of. Hochstetter, Morph. Jahrb., 1888, Bd. xiii., and Anat. Anzeiger, 1888 ; also Shore, 
op. ctt., 1901. 


2 Buller, “ Abnormal Anterior Abdominal Vein in a Frog,” Journ. of Anat. and Phys., 
1896, vol. xxx. pp. 211-214, fig. 
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passes to the right superior vena cava. We undoubtedly have here the 
persistence of an embryonic character, but whether it also represents “a 

case of reversion to an ancestral stage, slightly in advance of that aukia 
by Ceratodus, and therefore a case which, from its transitional character, 
tends to some extent to bridge over the gap between the Dipnoid and the 
normal Amphibia,” as assumed by Buller, I am not prepared to say, for 
the evidence is as yet far too imperfect. Baldwin Spencer! in his account 
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Fic. 7,—Abnormal femoral, sciatic, and Fic. 8.—Persistence of the embryonic right 
reni-portal veins. posterior cardinal sinus, 


of the anterior abdominal vein of Ceratodus points out that it “ may in all 
probability be rightly regarded as forming an anterior abdominal system 
comparable to that obtaining in Amphibia; though at the same time there 
are considerable differences between the two.” 

In the normal development of the frog the right anterior abdominal 
vein always disappears before the left. Milnes Marshall,? describing this, 


1 Baldwin Spencer, Vontributions to owr Knowledge of Ceratodus, pt. i “The Blood- 
vessels ” (Macleay Memorial Volume). 
2 Op. cit., p. 184. 
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states: “The anterior abdominal vein is at first paired, and is in connexion, 
not with the liver, but the heart. The pair of vessels appear first in the 
ventral body-wall, extending backwards a short distance from the sinus 
venosus ; they soon extend further backwards, and acquire communications 
with the veins of the hind legs and of the bladder. At a later stage the 
two anterior abdominal veins unite at their hinder ends, in front of the 
bladder, while further forwards the vein of the right side disappears, the 
left one alone persisting. Later still, the anterior abdominal vein loses its 
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Fic. 9.—Persistence of the connexion with Fic. 10.—Persistence of the connexion with 
the heart of the anterior abdominal the heart of the anterior abdominal vein 
vein gn the right side. on right and left sides. 


direct communication with the sinus venosus, and acquires a secondary 
one with the hepatico-portal veins, or afferent veins of the liver.” 

No. 10.—The occasional persistence in the adult frog of a condition 
such as is described above in the developing frog has long been suspected 
by those interested in the subject, but I am not aware that it has hitherto 
actually been observed. 

Fig. 10 illustrates a case where this embryonic condition has persisted. 
Here the median anterior abdominal vein passes forwards in the normal 
manner. It has no connexion with the liver, but divides into right and left 
branches before reaching the region of that organ. These branches pass 
forwards one on each side and open into the right and left superior ven 
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caves respectively. On the right side the vein opens very close to the sinus 
venosus, but on the left side it is rather farther away. 

Of the remaining abnormalities observed, two were identical with that 
described by Shore,! showing a connexion between the reni-portal and 
pulmonary veins. Two others showed a small vein entering the commence- 
ment of the anterior abdominal vein, just in front of the united pelvic 


a.ab. 





Fic. 11.—Additional vein joining the Fic. 12,—Abnormal pelvic vein. 
anterior abdominal vein. 
vein (fig. 11), which small vein was formed by two finer branches coming 
from the region of the bladder. In two other cases (fig. 12) the pelvic of 
the right side was formed by two branches from the femoral. 
The remaining abnormalities were of only minor importance. 


1 Op. cit., 1901, p. 324. 
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a.ab, Anterior abdominal vein, l.s.v.c. Left superior vena cava. 
c. Caudal vein. p. Pelvic vein. 
ex,j. External jugular vein. | y. Renal veins. 
jf. Femoral. rp. Reni-portal vein. 
h.-p. Hepatico-portal vein. | #.8.v.c. Right superior vena cava. 
int.j. Internal jugular vein. sc. Sciatic vein. 
z.v.c. Inferior vena cava. | subel. Subclavian vein. 
k, Kidney. subse, Subscapular vein. 
L. Liver. sv, Sinus venosus. 


2. Lumbar vein. 























ON THE PRESENCE OF GENIAL TUBERCLES ON THE MANDIBLE 
OF MAN, AND THEIR SUGGESTED ASSOCIATION WITH 
THE FACULTY OF SPEECH.! By Artuur Tuomson, Professor 
of Human Anatomy, University of Oxford. 


AT a time when so much interest is centred around the discovery of early 
human remains, it may not be amiss to draw attention to certain considera- 
tions in relation to the morphology of man’s mandible which may have a 
bearing on the elucidation of some of the problems which have arisen in 
connexion with the inferences to be deduced from a study of the osseous 
fragments. Confining my attention, meanwhile, to the study of the lower 
jaw, we have now a considerable number of “ fossil” specimens that display 
characters which may be regarded as unusual in living races. Among 
these we may mention the reduction in size of the mental protuberance 
and tubercles as displayed in the famous Heidelberg jaw, and also ex- 
emplified in the mandibles from Spy, that of Naulette, the Moulin Quignon 
jaws, La Chapelle aux Sainte and the Moustier remains, all of which exhibit 
an ape-like appearance in the slope of the anterior symphysial surface. 
As long ago as 1867 Broca? drew attention to this condition, and clearly 
proved that instances were to be met in the mandibles of recent races, in 
which these characters were as pronounced as in the case of the so-called 
fossil types. He illustrated this in his memoir by a figure of the mandible 
of a New Caledonian, and I am fortunate enough to be able to confirm 
this observation by an equally well-pronounced specimen from the same 
locality, at present deposited in the Williamson collection of skulls (No. 
300) of the Royal Army Medical Corps at Millbank, London. This New 
Caledonian mandible, of which I give a figure (fig. 1), exhibits the same 
roundness and absence of chin as that represented by Broca, and sets at 
rest the assumption that there is anything exceptional in the occurrence 
of a like or similar condition in the jaws of fossil man. That the occur- 
rence of this type of mandible is not very unusual is common knowledge, 
though it is rare to meet with it in such characteristic form as that 


1 The substance of this paper was communicated to a meeting of the Anatomical Section 
of the International Congress of Medicine held at the Royal College of Surgeons, London, 
on 11th August 1913, but its publication has for various causes been delayed. 

2 Mémoires d’anthropologie, tome ii. p. 146. 
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exhibited in the figure. It is not with this feature, however, that I am 
immediately concerned. 

Equally interesting is the observation that in some of the fossil 
mandibles there is a pit or fossa in place of the raised tubercular area to 
which the genial muscles are attached in man. This has led to many 
surmises as to its significance; for, whilst most have agreed that the 
occurrence of this anomaly points to a similarity between it and the 
appearance exhibited in the anthropoid apes, not a few have assumed that 
the presence of such fosse is indicative of a feeble development of the 
muscles attached thereto, and in particular of the genio-glossus; and in 
consequence have suggested, nay, well-nigh decided, that the occurrence 





Fic. 1.—Mandible of New Caledonian. 


of this feature was an indication that man had not yet reached that 
stage in his evolution when he had acquired the faculty of articulate 


_ speech. So far-reaching an assumption demands our most serious con- 


sideration before we can admit its acceptance. 

The appearance of the lingual surface of the symphysial part of the 
mandible in the anthropoid apes is so well known that little time need be 
spent on its description. In place of a tubercular area for the attachment of 
the genial muscles, such as we meet with in man, the corresponding site 
reveals a well-marked fossa or hollow, which may conveniently be called the 
genial fossa; the depth of this fossa is still further emphasised by the 
presence of a transverse ledge or shelf which unites the lower borders of 
the body of the mandible on either side, behind and below the symphysis. 
This, oftentimes known as the simian ledge, may be better termed the 
digastric plate, for reasons that will hereafter be explained. The presence 
of this ledge in the apes materially shortens the arch of the jaw inferiorly, 








pie, BPG 











On the Presence of Genial Tubercles on the Mandible of Man 45 


and so limits to a corresponding extent the area occupied by the tongue and 
its associated muscles, whilst at the same time it deepens the genial fossa, 
and so renders more striking the contrast between the appearance 
displayed in this region in the ape and that exhibited by man in the 
corresponding situation. 

On a more careful examination of this region in the anthropoids, it will 
be seen that there are individual differences exhibited in the appearance of 
the parts in members of the same species. 

In the gorillas I examined, I met with a more pronounced bulge on the 
upper part of the posterior surface of the symphyses in some instances 
than in others, in consequence of which the thickness of the mandible 
was much increased, measuring in one specimen as much as 27 mm. with 
a thickness of 20 mm. through the bottom of the genial fossa, whilst in 
another equally mature specimen of the same sex the corresponding 
measurements were only 195 mm. and 12 mm. respectively. 

In consequence of this difference in the symphysial thickness, there was 
exposed in the latter example a larger area of the upper surface of what 
I may term the digastric plate, and thereby a greater appearance of depth 
was imparted to the genial fossa. Usually the floor of the fossa was 
pierced by a pair of vascular foramina, one on either side of the middle 
line. Sometimes these foramina were not of equal size and not necessarily 
on the same horizontal line. A median crest, but faintly marked, 
appeared above, between these two foramina, and, running downwards, 
passed over the upper surface of the digastric plate to end inferiorly on its 
posterior margin in an irregular tubercle, sometimes double. On either 
side of this median line the bone was occasionally slightly roughened, 
suggesting the attachment of tendinous fibres to its periosteal surface. 
There was nothing to indicate the precise attachment of the genial 
muscles, and it was impossible to differentiate between the attachment of 
the genio-glossus and the genio-hyoid. They might, from such indications 
as appeared on the bone, have been a combined mass, the position 
of the median line merely serving to separate the right and left fleshy 
masses from each other. 

In two of the Oxford gorillas the under surface of the digastric plate 
exhibited different features; in one (aa) it was smoothly confluent with 
the rounded surface of the sloping symphysis externally, whilst in the 
other (bb, 2052) it was recessed within the converging margins of the 
lower borders of the jaw, which swept anterior to it to meet in front at a 
point which may be regarded as the inferior extremity of the symphysis, 
assuming that to be independent of the digastric plate. 

These appearances suggest the necessity of a further inquiry as to the 
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precise attachment of the various muscles connected with the bone in this 
region, for possibly that which I have designated as the digastric plate 
may in all probability be a more extensive surface for the attachment of 
the genio-hyoid. 

In the Oxford chimpanzee (2049 6) the maximum symphysial thickness 
was 13°5 mm.; the minimum thickness of the bone between the bottom of 
the genial fossa and the external surface of the symphysis was 55 mm. 
From the fossa, which was funnel-shaped, there passed a deep pit into 
which there opened three foramina of unequal size. 

The upper surface of the digastric plate, which in this instance was 
short, was unmarked by a ridge, but its posterior edge was emphasised by 
the presence of a short and stunted spine situated in the middle line. The 
under surface of the digastric plate was everywhere confluent with the 
rounded surface of the mental part of the bone. 

On either side of the middle line, 18 mm. below the alveolar border, 
there was a small vascular foramen with a groove leading up to it. 

In the orang the arrangement closely resembles that of the gorilla. In 
one specimen (d@) belonging to the Oxford collection the maximum thick- 
ness of the symphysis was 18°5 mm.; the minimum thickness in corre- 
spondence with the bottom of the genial fossa was 11 mm. In the other 
example from the department of human anatomy the maximum thickness 
was 19°5 mm.; the minimum at the fossa was 10 mm. In both, the fossa 
was pierced by three vascular foramina, one large and two smaller; the 
latter were placed one above the other, and lay in one specimen (d) to the 
left of the middle line, in the other (H.A.D.) to the right. The larger 
foramen in both examples pierced the bone on the opposite side to that 
on which the smaller canals were situated. In both the digastric plate 
was well developed, though in one its upper surface was more extensive 


than the other. In each case there were indications of a faint mesial line 


which blended posteriorly with a small tubercle on the posterior edge and 
slightly on the under surface of the plate. On either side of the median 
line the bone was slightly rough as if for muscular attachment. Inferiorly 
and externally the under surface of the digastric plate in specimen H.A.D. 
was everywhere confluent with the surrounding surface without the 
faintest trace of any muscular impressions. In specimen d there were 
indications of a rounded elevated crest inferiorly, bounded on either side 
by a faint line which swept back on either side along the inferior border 
of the horizontal ramus, suggesting the posterior limit of the attachment 
of the anterior bellies of the digastric muscle thereto. 

In man, as contrasted with the apes, this region usually displays a 
somewhat lozenge-shaped elevated tubercular area corresponding to the 
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attachment of the genial muscles. This area is frequently surmounted 
by a pair or two pairs of tubercles; in some cases the lower pair unite to 
form a median crest, but great variety in the arrangement of these parts 
is met with. At times all the tubercles may unite to form a median crest 
with a projecting spine of from 3 to 5 mm. long arising from it; at other 
times the surface of the bone here is quite smooth, with no spines or any 
indication of muscular attachment. 

The genial muscles here attached are the genio-glossi, passing from the 
upper pair of genial or mental spines, just mentioned, to the tongue; and the 
genio-hyoid muscles, which arise from the lower pair of spines and reach 
the hyoid bone. It will thus be obvious that by means of these muscles 
the lingual surface of the symphysis is brought into direct relation with 
the tongue and hyoid apparatus. 

Now, whilst it is admitted that there are great differences in the 
appearance of what we may term the genial area in man, yet it has been 
assumed that it is only in the jaws of fossil man that it ever exhibits an 
arrangement comparable to that characteristic of the anthropoids, and it 
has been accordingly urged that possibly the condition involving the 
disappearance of the genial spines and the substitution for them of a 
fossa was to be accounted for on the supposition that the fossil types 
exhibiting this ape-like feature were at a stage in their evolution when 
speech was as yet either undeveloped or but imperfectly practised. 

This theory, which was first propounded by Mortillet, has received 
ardent support from Walkoff,! who lays stress on the fact that the appear- 
ances exhibited by the cancellous tissue of the symphysial part of the 
mandible in man exhibit striking differences from that displayed in the 
jaws of anthropoid 2pes. Apart from the structural differences dependent 
on the setting of the larger teeth in the apes, he proceeds to demonstrate 
that the osseous trabecule respond to the strain induced by the attachment 
of the genio-glossi and digastric muscles, and in this way explains the 
characteristic form of the anterior part of man’s mandible. He regards 
this development as particularly associated with the use of the genio-glossus 
muscle as concerned in speech, more especially in the production of the 
dental sounds. Be that as it may, because in man, in the majority of cases, 
we find those spines to which the genio-glossi are attached well developed, 
it is assumed that this indicates an activity of action which can only be 
explained on the assumption that it is associated with some attribute 
peculiar to man, and, failing any other explanation, it seems plausible to 
associate it with speech. 

As we have seen, the development of the digastric plate or simian 

1 “ Menschenaffen : Studien iiber Entwickelung und Schidelbau,” Selenka, Band ii. 
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ledge is correlated with the traction effects of the digastric muscles, which 
are relatively large and strong in the apes, and which of necessity, from 
the greater length of the mandible, must exercise a more powerful traction 
effect on the bone than in the shorter jaw of man. The effect of this is, 
that in the ape the lower border of the symphysis is pulled backwards 
independently of the rest of the bone, and so a ledge is formed which not 
only affords an extensive surface for the attachment of the digastrics 
inferiorly, but also by its inclination at an angle with the rest of the 
bone provides a recess in which the genial muscles are received. 

Now, the manner in which tendons are attached to bones varies 
greatly. In those in which the moment of the contraction of the muscles 
is concentrated in a rounded tendon of limited extent, we find that the 
attachment to the bone is marked either by a pit or a spine. Both serve 
the same purpose, viz. to increase the area of attachment of the tendinous 
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fibres, as may be illustrated by a simple diagram. It is only natural to 
suppose that when the tendon 1s attached to a surface which is otherwise 
plain, the bone will react to the stimulus of the muscle and a spine will 
be produced within the substance of the tendon; whereas when the 





Fic. 2, 


* tendon is attached to a surface not plain but having its parts arranged 


in angular or curved fashion, the tendon will, so to speak, take advantage 
of the recessing, and the bone will tend to grow up around it. 

In the anthropoids, owing to the development and backward extension 
of the digastric plate, there is an angular recess formed between the lingual 
surface of the upper part of the symphysis and the superior surface of 
the digastric plate; into this the genial muscles are attached, and it is 
only where the genio-hyoids extend backwards over the upper surface 
of the digastric ledge or turn round its posterior border that we have any 
indication by crest or tubercle of their attachment, the attachments of 
the muscles to this area being elsewhere indicated by a roughening of the 


periosteal surface of the bone. 
But there are other factors which must be taken into consideration. 
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Much stress has been laid by Walkoff and Topinard on the fact that this 
region of the mandible in the apes is pierced by two, or more, vascular 
foramina, placed usually one on either side of the middle line at the bottom 
of the right and left halves of the genial fossa; these are not always of 
equal size, and often open by funnel-shaped mouths, which deepen con- 
siderably the fossa at the points where they leave it. The third foramen, 
usually smaller, is placed lower down, and frequently pierces the bone in 
the middle line, though occasionally it may lie to one or other side of 
the median plane. 

In man the arrangement of these foramina is somewhat different. I 
find as a rule that there are three foramina to be seen on the lingual 
surface of the symphysis in this region. In the majority of instances they 
are disposed in the middle line: one immediately above the genio-glossal 
spines—this may be distinguished as the supraspinous foramen; another, 
situated usually between the upper and lower pairs of genial spines, may 
for convenience be called the interspinous foramen; and a third foramen, 
to be named the infraspinous, disposed below the spines for the genio- 
hyoids, and placed in most instances on the lower border of the mandible 
between the areas of attachment of the two digastric muscles. It may be 
that one or other of these vascular canals is absent, but in a large majority 
of cases, though their size may vary much, their position can readily be 
recognised. 

Whilst such is the arrangement more commonly met with. it is not 
unusual to find cases in which one or other of these foramina is 
duplicated and arranged one on either side of the middle line, thereby 
displaying a variation which brings them more in accord with what is 
the characteristic arrangement in the anthropoids. In my opinion, too 
much stress is laid on the differences thus exhibited between man and the 
apes, for in a considerable number of specimens I have examined I find 
the disposition of these vascular foramina conforms with what we see in 
the anthropoids. Thus, out of twenty-three Ancient Egyptian mandibles, 
which I examined, I found two cases in which the supraspinous foramen 
was double, two in which the interspinous foramen was double, and six 
instances in which the infraspinous foramen was duplicated. In the 
cases in which there were two supraspinous foramina, in both instances 
one foramen lay at or near the middle line; in one case the second foramen 
lay to the right of it, in the other to the left. In the double interspinous 
foramina these canals lay on either side of the middle line. There were 
also examples of foramina lying wide of the middle line ; thus this happened 
three times in the case of the interspinous foramen. 

Le Double, in discussing the source of the vessels which pass through 
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these canals, ascribes their origin to the sublingual and to the submental 
branches of the facial, the latter probably supplying the vessel which enters 
the infraspinous foramen, the former furnishing the twigs which enter the 
supraspinous and possibly the interspinous canals. There seems evidence, 
too, to suggest that in the case of the foramina being situated in the 


‘middle line and single, the branches which they receive are derived from 


the arterial trunks of the left side. In view of these variations, and 
considering how prone the vascular system is to anomalies in its distribu- 
tion, particularly when this concerns its ultimate ramifications, there 
seems little justification for attaching much morphological significance to 
such minor details. 

The evidence that has been adduced from the Egyptian mandibles is 
amply supported by a more extended survey. The point is one which I 
have not had an opportunity of verifying in all the human mandibles I 
examined, for at the time at which I made my more extended inspection 
of these jaws I was not particularly interested in this feature; but I have 
since examined the mandibles in the Oxford collection, and I find ample 
confirmation of the results already described in connexion with the 
Ancient Egyptian jaws. 

Bearing in mind the numerous examples met with in human morphology 
of instances where a spine marking the attachment of a tendon is some- 
times replaced by a fossa, I undertook a search through a large series of 
human crania to see whether, perchance, the same might not occur in 
regard to the genial spines, and it is the result of this inquiry which I 
now propose to submit. 

The collections included that of the Royal College of Surgeons of 
England, numbering 2911 specimens; the Williamson collection at the 
Royal Army Medical College, embracing 572 crania; and the Rolleston 


collection at. Oxford, numbering 498, supplemented by others in the 


Department of Human Anatomy; the grand total amounting to over 4000 
skulls. Out of this number of skulls about 1670 mandibles were examined. 

For a long time I made little progress in my search; for although 
remarkable variations were exhibited in the arrangement and develop- 
ment of the genial spines, little or no evidence could be got of a distinct 
pitting. I was encouraged to proceed, however, by the fact that in a large 
percentage of cases the spines were absent and the place usually occupied 
by them was quite smooth. At last I lighted on an example which gave 
evidence of pitting, in the place of the attachment of the genio-glossus, 
and, thus stimulated, I pursued my search with more hope. At last I 
came upon certain specimens which proved beyond a doubt that examples 
of the tubercular area being replaced by a fossa may and do occur in rare 
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instances in mandibles representative of the living races of man. I shall 
first describe the specimen which best exhibits this variation, and in which 
the appearances displayed most approximate to the form characteristic 
of the anthropoids, and then proceed to illustrate by examples what one 
may term the transitions between the human and the anthropoid types. 
The mandible in question was that of a Bushman (No. 1300.15 in the - 
collection of the Royal College of Surgeons). The teeth, which were all 
present, were in perfect condition and somewhat worn; only in the case 
of the incisors was the dentine exposed. The jaw, as may be seen in 





Fic, 3.—Bushman. R.C.S., 1300.15. 


the photograph (Plate I., top row), exhibited no unusual features when 
viewed externally. 

The vertical height of the symphysis is 30°5 mm.; the other measures, 
taken in accordance with the instructions of the international agreement 
for the unification of craniometric measurements, are as follows: 

Bicondylar width, 102 mm. ; bigonial diameter, 89 mm. ; length of ascending 
ramus, 47 mm.; width of ascending ramus, minimum 34°5 mm., maximum 37:5 
mm.; height of the body of the mandible opposite interval between first and 
second molar teeth, 25 mm. ; maximum thickness of body in plane passing between * 
first and second molar teeth, 14 mm.; mandibular angle, 120°. 


The most marked features of the bone are the openness of the angle, the 
low ramus, and the marked thickening of the body (16 mm.) opposite the 
interval between the second and third molar teeth, where it narrows so 
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that its vertical height is only 21 mm. The symphysial region, as viewed 
anteriorly, exhibits a well-marked mental prominence in the middle line, 
with two mental tubercles 22 mm. apart on its lower border; in these 
respects it exhibits characters which are essentially human. 

On turning now to the lingual surface of the symphysis, a very unusual 
arrangement is displayed (fig. 3, and Plate 1, top row). Within and behind 
the mental prominence there is a very definite fossa, which easily admits 
the pulp of the index finger. Above this the surface of the bone is slightly 
convex, and measures 6 mm. in maximum thickness from back to front. 
As will be seen from the section taken from a plaster cast of the jaw 
(see Plate I., top row), this convexity follows the curve of the concavity of 
the upper part of the symphysis anteriorly. The lower part of the fossa 
is limited below by a very distinct bar of bone confluent with the inferior 
border of the body on either side, and also to some extent continuous 
above with the anterior extremities of the mylo-hyoid ridges. 

In consequence of this arrangement we have the surfaces for the 
attachment of the anterior bellies of the digastrics directed downwards, 
instead of obliquely downwards and backwards as is the more usual dis- 
position in man. Here, then, we have an arrangement which is precisely 
comparable to that exhibited in the anthropoids, where the muscles arise 
from the under surface of the digastric plate; with this difference only, 
that, whereas owing to the absence of the mental prominence the anterior 
surface of the symphysis forms with the under surface of the digastric 
plate a uniform flowing curve, we have in this instance a marked mental 
prominence with which the digastric plate is fused. Otherwise in every 
respect the disposition of this the basal part of the symphysis in this 
specimen corresponds fairly accurately to what has been described as a 
characteristic feature of the ape. Having already seen that the absence 


‘of a mental prominence cannot be regarded as strictly confined to the 


anthropoids, since we have already noted that this “specific character” is 
also lacking in some New Caledonian jaws, it need only be pointed out that 
were it possible to procure a specimen—and this is by no means improb- 
able—combining the appearances figured in the New Caledonian mandible 
with those exhibited by this Bushman jaw, we would have a type of 
mandible which would approximate very closely in many of its features 
to that of the anthropoids. The fact that singly these variations may 
occur in man is no reason why they should not appear in combination— 
nay, it increases the probability of such occurring. 

But to return to the fossa. In all its appearances it resembles what 
we see in the orang. There are no spines or tubercles, but only a slight 
roughening of the periosteal surface of the hollow, with a slight sugges- 
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tion of a median groove running downwards over the upper surface of 
the digastric plate. There are two vascular foramina in the middle line, 
which I take to be the supraspinous and interspinous canals; and on the 
right side, 4 mm. from the middle line, the floor of the fossa is pierced by 
another foramen of considerable size. On the under surface of the 
digastric plate and close to its posterior margin there are two small 
foramina transversely side by side in the middle line; these I assume 
represent the infraspinous foramina of which we have already spoken. 

The importance of this specimen seems to me to be that it refutes, once 





Fic. 4,—Eskimo, Oxf, Univ., 855. 


‘ and for all, the. suggestion that absence of the superior genial spines or 


their replacement by a fossa is to be taken as evidence that the mandible 
displaying those features belonged to an individual who could not talk, 
or, if he did, spoke but imperfectly. For here we have an example 
taken from an individual belonging to a race which, even admitting 
it is degenerate, exercised to the full its powers of articulate speech. 
The occurrence of this anomalous condition in the Bushman race will be 
again referred to after we have considered other examples of a like or 
similar nature. 

The next specimen is the mandible of an Eskimo (No. 855 in Oxford 
collection) (see Plate I., second row from top). Only the right second 
molar tooth is in sitw ; it exhibits the obliquely ground surface characteristic 
of this race. The other teeth have been lost post mortem. On either 
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side, in correspondence with the roots of the first molars there is evidence 
of there having been abscess cavities during life; the third molars have 
either not been cut, or have been shed. 

Viewed from the side, the mandible has much the same configuration 
as that displayed by the last specimen. Unfortunately, it is somewhat 
damaged in places, both condyles having been knocked off and the posterior 
edge of the ramus on each side being broken. Its measurements are: 


Bicondylar width, —; bigonial diameter, 124 mm.; length of the ascending 
ramus, 54 mm.; minimum width of ascending ramus, 44 mm.; maximum width 
of ascending ramus, 49 mm.; symphysial height, 33 mm.; height of the body of 
the mandible, 28°5 mm.; maximum thickness of the body of the mandible, 
16-5 mm.; mandibular angle, 110°. 


There is a well-marked mental prominence, but the mental tubercles 
are not pronounced. 

On the lingual surface of the symphysis (fig. 4) there is a slight convexity 
overlying the roots of the incisor teeth; this sinks inferiorly into a trans- 
versely oval fossa, the lower wall of which is formed by the sloping 
surface of a well-marked digastric plate, the posterior border of which is 
thick and rounded, whilst its under surface affords attachment for the 
anterior bellies of the digastric muscles. 

The fossa, which is not so circumscribed as in the last specimen, fades 
away on either side into what may more properly be described as the 
area overlain by the sublingual gland. In the middle line, and piercing 
the floor of the fossa, are seen the supraspinous and interspinous foramina ; 
whilst on the right side 7 mm. from the middle line there is another 
vascular canal. On either side about 8 mm. from the middle line there 
are vascular openings on the under surface of the digastric plate, which 
presumably represent the infraspinous foramina. On either side and 
below the supraspinous foramen there are two short slightly elevated 
ridges, the representatives of the superior genial spines; whilst within 
and below these another pair of feebly marked elevations extend down- 
wards over the sloping surface of the digastric plate—these indicate the 
attachments of the genio-hyoid muscles. The section given (Plate I., second 
row from top), taken from a cast, exhibits the relations of the fossa to the 
mental prominence and indicates the disposal of the surfaces of the 
digastric plate. As will have been gathered from the above account, this 
specimen differs from the Bushman mandible already described, in not 
having the fossa so definitely circumscribed, and also in displaying evidence 
of the position of the genial spines; it agrees with it, however, in having 
much the same arrangement of the digastric plate and having the same 
number and arrangement of vascular foramina. 
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_ Inthe mandible of another Bushman (No. 1300.1 of the Royal College of 
Surgeons collection) (fig. 5,and Plate I., middle row) there is a well-marked 
genial fossa, but here the digastric plate is not so well developed as in the 
two foregoing examples. The jaw, which has a complete set of well-worn 
teeth in perfect condition, exhibits pronounced alveolar prognathism ; in 
other respects it agrees in general form with Bushman No. 1300.15. Its 
measurements are : 


Bicondylar width, 104 mm. ; bigonial diameter, 895 mm. ; length of the ascend- 
ing ramus, 40 mm.; minimum width of ascending ramus, 32 mm.; maximum 





Fic. 5.—Bushman. R.C.S., 1300.1. 


width of ascending ramus, 40 mm. ; symphysial height, 26 mm.; height of the 


body of the mandible, 24 mm. ; maximum thickness of body of mandibles opposite 
interval between one and two molars, 13°5 mm. ; opposite interval between two 
and three molars, 16 mm. ; mandibular angle, 132°. 

The mental protuberance is full, but not projecting ; there are no mental 
tubercles. The upper part of the symphysis slopes forwards. 

The lingual surface of the symphysis displays pronounced internal 
prognathism, the surface overlying the roots of the incisors being full and 
rounded, displaying much the same appearance as that exhibited in the 
anthropoids. In the genial region, the bone is deeply pitted in corre- 
spondence with the attachment of the genio-glossi; above and between 
these hollows, which are separated by a slight median ridge, is the supra- 
spinous foramen—a point of some importance, since the hollowing of the 
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bone is not due to any opening out of the mouth of the foramen, but lies 
below it, in the position usually occupied by the superior pair of genial 
spines. Below the genial hollows the bone is full and rounded, but the 
digastric plate is not so prominent as in the previous examples; it is on 
the upper surface of this rounded border that the impressions caused by 
the attachment of the genio-hyoid muscles can be seen, though here there 
are neither spines nor tubercles. On the inferior surface of the base of 
the symphysis are the surfaces for the anterior bellies of the digastric, 
which are directed obliquely downwards and backwards, and not directly 
downwards as in the previous specimens. There is a recurved transverse 
crest in the middle line, on the lower border of the symphysis between 
the two digastric areas. 

Above the deepest part of the fossa and 1 mm. to the right of the 
middle line is the supraspinous foramen; but on the level which it would 
presumably have occupied are two foramina, one on either side of the 
middle line—the right 6 mm., the left 8 mm. away from the median 
plane. There is a median infraspinous foramen behind the recurved crest 
already referred to on the lower border of the symphysis. 

No. 1431 (red) is the mandible of a Fijian in the museum of the Royal 
College of Surgeons. All the teeth were present at the time of death, 
but only three molars on the left side and the first and third on the right 
side remain in situ. These teeth are slightly worn. Viewed from the 
outer side (see Plate I., second row from bottom) the shape of this jaw differs 
much from those already described. The ramus is high, the condyle 
rising considerably above the level of the coronoid process ; the mandibular 
angle is rounded; and the symphysial height is the same as the height of 
the body of the bone. The lower border of the body is gently curved 
upwards, towards the symphysis. The mental prominence is full and 
rounded, with a slight ridge leading upwards from it to the interval 
between the two medial incisors. There are no distinct mental tubercles, 
but the fullness of the mental protuberance is carried outwards on either 
side on to the fore part of the body of the bone above its lower border. 

The measurements are : 


Bicondylar width, 114 mm. ; bigonial diameter, 98 mm. ; length of ascending 
ramus, 64 mm.; minimum width of ascending ramus, 40 mm. ; maximum width 
of ascending ramus, 41 mm.; symphysial height, 26 mm.; height of body of 
mandible, 26 mm. ; maximum thickness of the body of the mandible between first 
and second molar teeth, 15 mm.; between second and third molars, 17 mm. ; 
mandibular angle, 110°. 


In this specimen the lingual surface of the symphysis displays a full 
convex surface overlying the roots of the incisor teeth (fig. 6). Judging from 
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the size of the sockets, the canine teeth must have been unusually large, 
which possibly may account for the fullness of the mandible, the bone 
being here 11 mm. thick in its sagittal diameter. Below this, in place of 
the superior genial spines there is a distinct hollow, the lower side of 
which is formed by the rounded surface of the upper aspect and posterior 
border of a well-marked digastric plate, the under surface of which is 
clearly marked for the attachment of the anterior bellies of the digastric 
muscle, between which it forms a thick and rounded base to the sym- 
physis. In the middle line, in the bottom of the fossa there is a large 





Fic. 6.—Fijian. R.C.S., 1431. 


_vascular foramen, the supraspinous foramen; 6 mm. to the left of this 


and on the same level is another foramen. There is no interspinous 
foramen, but the infraspinous foramen is clearly seen near the middle 


line on the under surface of the digastric plate. There are no genial 


spines, but the points of attachment of the genio-glossi are clearly seen 
in the bottom of the fossa, below and on either side of the supraspinous 
foramen. Inferior to this, the impressions for the genio-hyoids are seen 
to run down and turn over the posterior border of the digastric plate, so 
as to reach its under surface, where they end in a full roundness between 
the two digastric attachments. 

In a New Caledonian mandible (No. 1118 in the collection of the 
Royal College of Surgeons) (see fig. 7 and Plate I., bottom row) the 
appearance presented by the bone displays some of the characters dis- 
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tinctive of that race. All the teeth except the first left molar had been 
present during life, though only the last two molars on either side and 
the two right premolars, together with the left medial incisor, are now 
im situ. The jaw is remarkable for the breadth of its ascending ramus 
and the flattened and expanded appearance of its massive condyles, which 
are much eroded on their articular surfaces. 

The mental protuberance is full and rounded above, but slopes back- 
wards below. The mental tubercles are widely parted, and lie on the lower 
border of the body 30 mm. wide of the middle line. 





Fic. 7.—New Caledonian. R.C.S., 1118, 


The measurements taken were as follows: 


Bicondylar width, 121 mm. ; bigonial diameter, 87 mm. ; length of ascending 
ramus, 62°5 mm.; minimum width of ascending ramus, 40°5 mm. ; maximum width 
of ascending ramus, 46°5 mm.; symphysial height, 29 mm.; height of body of 
mandible, 29°5 mm.: maximum thickness of body opposite interval between first 
and second molar teeth, 16°5 mm. ; mandibular angle, 110°. 

The lingual surface of the symphysis is characterised by a full and 
sloping surface over the roots of the incisors, which exhibit some degree 
of alveolar prognathism. The sockets of the canine are unusually large, 
which may account for the thickness of the bone, which here measures, 
in the sagittal diameter, 13°55 mm. Below the convexity of this surface 
there is a small fossa, into the bottom of which project two very small 
pointed spines, around which can be seen the area of attachment of the 
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genio-glossi. Above these, in the upper part of the fossa, can be seen a 
fairly large supraspinous foramen; whilst below them is an equally well- 
marked interspinous foramen, below which there is a sharp median crest 
which slopes downwards and forwards to the base of the symphysis, 
where it ends in a prominent spicule of bone. In this mandible the 
digastric plate is poorly developed, and the surfaces for the anterior bellies 
of the digastric muscle are directed downwards and backwards. There 
are two well-marked infraspinous foramina on the basal border of the 
symphysis. There is, on the right side and on the same level as the 
interspinous foramen, another vascular canal 10 mm. from the middle 
line; equally well marked is another, on the left side, 16 mm. away from 
the median plane. 

These comprise some of the best examples I have seen of this condition, 
and thanks to the kindness of Professor Arthur Keith I have been able 
to take photographs of them, and have casts made as well. The latter I 
found useful, because they enabled me to take sagittal sections through the 
symphysis, thereby displaying in an effective manner the contours of the 
mandible in this region. In the course of my investigations, however, I 
came across some other examples, not so well marked, but of interest in 
filling up the gaps between this unusual condition and the appearances 
ordinarily displayed in recent human mandibles. I quote from my note- 
book ; unfortunately, I have not full details as to the disposition of the 
foramina met with, but sufficient proof has been already advanced to show 
that the arrangement of these is very variable, and that oftentimes they 
exhibit a disposition similar to that met with in the anthropoid apes: 


In a Hottentot (No. Af. 35%; of the Williamson Coll.) there is a smooth hollow 
with indications of the superior pair of genial spines, below which is a rough area 
for the genio-hyoids, defined inferiorly by the edge which limits the attachment of 
the anterior bellies of the digastric muscle. 

In the mandible of a native woman from the Luhenault district of Western 
Australia (No. Aus. $9, Williamson Coll.) the area of attachment of the genial 
tubercles is replaced by a shallow pit ; there are no spines below the fossa ; there is 
a rounded tubercle which lies between the edges of the right and left digastric 
areas, the upper surface of which is rough for the genio-hyoids. 

Native of New South Wales (No. Aus. 39, Williamson Coll.), It is doubtful if 
this mandible belongs to the skull with which it is catalogued ; but on it, in the 
genial region, there is a distinct hollow, at the bottom of which, and at the lower 
edge, the tubercles are faintly marked; the base of the symphysis is full and 
rounded. 

Spaniard, slave-trader from Sierra Leone (No. E 32, Williamson Coll.). There is 
a slight hollow, the bottom of which and the lower edges are tubercular for the 
attachment of the muscles. 

Male Yasinese from Garkuch (No. 630°, R.C.S.). There is a faint shallow fossa, 
the bottom of which is rough and spiculate. 
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Maravar, native g ? of Madura (No. 656, R.C.S.). No genial spines, but slight 
pitting in position of superior pair. 

Australian 3? from Kangatong, Victoria (No. 1064, R.C.S.). There is a 
shallow transverse groove corresponding to the level of the superior pair of genial 
spines, above which the bone rises in a well-marked rounded surface, whilst below, 
on the level of the inferior spines, it slopes forwards and downwards. Had this 
mandible possessed a transverse ledge like the anthropoids there would have been 
a deep fossa. ‘The spines are only just marked. 

Bushman ? (No. 13.02, R.C.S.). This is the Bushwoman described by Flower 
and Murie in the Journal of Anatomy and Physiology, May 1867. The mandible 
exhibits a very small and shallow pit in the genial region. In this connexion it is 
of interest to note that the authors of the paper mention the fact that this young 
Bushwoman, aged about 21 or 23, spoke English fluently. No mention is made, in 
the description of the muscular system, of the genial muscles. 

Bushman (No. 1300.11, R.C.S.). In this mandible there is a slight general 
hollowing in the genial region, but no spines. 

Bushman (No. 1300.13, R.C.S.), Here there is a flattening of the genial 
surface—one might almost say a hollowing —with slightly developed spines on it. 

Zulu, 9 (young Maganja negro) (No. 1285, R.C.S.). There is a dimpling of 
the surface and a vascular foramen in the position of the superior pair of genial 
spines. 

African, West Coast, N’Javi tribe (No. 1579, R.C.S.). There is a small pit 
about 7 mm. x 4 mm., with a vascular foramen opening into it ; there are no spines. 

Negro, West Coast (No. 12544, R.C.S.). Has a little depression about 8 mm. 
x4mm._ In the position of the supergenial spines there is a vascular foramen, No 
inferior genial spines, but a slight suggestion of a ridge. 

Mandingo (No. 1515 red, R.C.S.). There is a well-marked transverse fossa 
about 8 mm. x4 mm. occupying the position of the superior pair of genial spines ; 
the inferior spines, which are only little tubercles, lie one on either side immediately 
below the fossa. There is a vascular foramen in the middle of the bottom of 
the hollow. 

?(No 760!, R.C.S.). There is a small shallow depression over position 
of superior genial spines. A vascular foramen is present. The lower margin of 
the fossa is full and prominent. 

Sandwich Islander (No. 1098, R.C.S.). Here there is a shallow pitting over 
and above the superior genial spines. The lower border is thick and rounded. 

Guanche, ¢ (No. 566, R.C.S.). There are two well-marked pits corresponding 
in position to the upper pair of genial spines. 

African, West Coast (No. 12411, R.C.S.), The upper pair of genial tubercles 
is replaced by two distinct pits ; the inferior spines are indicated by a slight ridge. 

Native of New Hebrides (No. 11725, R.C.S.). There is a well-marked transverse 
groove 11 mm. long in the position of the superior genial spines. The bone, below 
the groove, is rounded, but there is no indication of the inferior pair of spines. 

African, West Coast (No. 12361, R.C.S.). There is a transverse cleft corre- 
sponding to the position of the superior spines, and a raised elevated surface, with a 
median crest for the lower pair. 

African, West Coast (1564 red, R.C.S.). The condition resembles the previous 
example; only, in place of being transverse, the groove is down-turned at its 
extremities so as to assume a crescent shape; there is a well-marked vascular 
foramen above it. 
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Andamanese (No. 1241, R.C.S.). In the transverse groove which replaces the 
superior pair of spines there is a vascular foramen immediately above. The surface 
for the attachment of the genio-hyoid muscles is elevated and tubercular. 

Andaman (No. 1217, R.C.S.). Here there is a shallow depression with a 
vascular foramen. The lower slope of the fossa is rough for the attachment of the 
genio-hyoids. What is peculiar in this specimen is that the depression is situated 
so high up on the surface of the bone. ‘There are no spines. 


From a consideration of the facts observed, it would seem that the 
genial spines may be effaced and a hollow take their place. The way in 
which this may occur is well illustrated in the specimens examined :— 

1. The area corresponding to the attachment of the genial muscles may 
be smooth and free from spines. This occurs in many examples, 
though unfortunately no record was kept of the number of 
instances in which it occurred. 

2. The two superior genial spines may be replaced by two little pits, 
as happens in the Guanche, No. 566, R.C.S., and the West Coast 
African, No. 1241, R.C.S. In both these cases the inferior pair of 
spines is represented by a central ridge or crest. 

3. The two little pits may coalesce, so as to replace the superior pair of 
genial spines by what is variously described as a shallow hollow, 
fossa, dimple, pit, or depression. Or the hollow may be vertically 
compressed, so as rather to be described as a transverse groove or 
depression. Under these conditions the inferior genial spines may 
be faintly marked, or represented by a rough tubercular area or 
a rounded elevated field, the prominence of which depends on 
the configuration of the lower symphysial border and the manner 
of attachment of the mylo-hyoids and the anterior bellies of the 
digastric muscles to what has been termed the digastric plate. 

4, The rare cases which occur in which the hollow may be dignified 
by the name of a “genial fossa,” the depression including the 
whole area of the attachment of the genial muscles and being 
limited inferiorly by the linear surface from which the mylo- 
hyoids spring, which narrow bony attachment is interposed 
between the area of origin of the genial muscles and that for 
the attachment of the digastrics. As may be seen, the disposition 
of this digastric surface is liable to considerable individual, and it 
may be racial, variation. 

A matter of some interest is revealed by a study of the sections of 
the symphysis given on Plate I. From these it would appear that the 
modelling of the posterior surface of the symphysial part of the mandible 
stands in no constant relation to the form and contours of the anterior 
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aspect of this region ; for in all the cases figured in which a “ genial fossa’ 
is present the characters of the mental prominence, which is so essentially 
human, are still preserved, from which it may be concluded that the 
disposition of the lower symphysial border is independent of, and not 
associated with, the manner of attachment of the genial muscles. 

Fig. 8, which represents what may be regarded as the more or less 
typical arrangement of the muscles connected with this part of the 





Fie. 8. 


mandible, illustrates well how the attachment of the mylo-hyoid muscles, 
which in the middle line becomes markedly fibrous, has a vertical linear 
attachment as well as a horizontal union with the bone. The former may 
often be recognised on the mandible as a vertical crest, which may extend 
upwards towards the inferior genial spines, and downwards between the 
area of attachment of the digastric muscles, forming occasionally in that 
situation a prominent spine—a spine which in the anthropoids is often- 
times well marked, and serves to emphasise in a very precise way the 
attachment of the mylo-hyoid raphe to the central part of the posterior 
edge of the digastric plate or simian ledge. 

Morphologically we may regard the posterior surface of the symphysial 
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portion of the mandible as divisible into two parts: a part above the attach- 
ment of the mylo-hyoids, which may conveniently be termed the buccal 
area; and a part below, which may be called the basal part. 

The buccal area is again subdivided into an upper or alveolar part, and 
a lower or genial portion, from which the genial muscles arise. Obviously 
the depth and disposition of the alveolar part will depend on the length 
and setting of the roots of the incisor and canine teeth, the modelling of 
this part of the bone being determined by the vertical position or varying 
degree of splay of these teeth as met with in different types of jaw. 





Fig, 9. 


The basal part of the symphysis corresponds to that part of the bone 
which lies below the level of the attachment of the mylo-hyoids and more 
properly pertains to the region of the neck. Here are seen the surfaces 
for the attachment of the digastrics. 

If now we compare this region in man and the anthropoids, we see at 
once that in the latter the alveolar part of the buccal area is stout and 
thick, to provide accommodation for the long roots of the incisor teeth, as 
well as for the enormous canines, the embedded portions of which sink 
deeply into the substance of the bone, so that the bottoms of their alveoli 
lie 6 or 7 mm. from the middle line and immediately above and to the 
outer side of the genial fossa. It is this oblique disposition of the roots of 
the canines which accounts for the great mass of the bone in this region. 





























On the Presence of Genial Tubercles on the Mandible of Man 65 


In the apes, there being no reason for so stout a basal part as is met 
with in man, owing to the great mass of the alveolar portion in those 
animals, we find that the part of the bone which lies inferior to the mylo- 
hyoid attachment becomes much diminished in size and is reduced to 
the proportions of a relatively thin border, to the posterior edge of which 
are attached the mylo-hyoids and the anterior bellies of the digastrics, 
an arrangement which is well illustrated in the photograph of the mandible 
of a female chimpanzee (fig. 9). 





Fic. 10. 


In this connexion it may not be amiss to draw attention to the 
disposition and arrangement of these muscles in the ape as compared 
with man. 

In the anthropoids, owing to the smaller degree of erection of the head, 
the anterior surface of the neck exposed is less than in man; consequently 
the hyoid bone is tucked away within the angles of the jaw, and these 
parts of the mandible, owing to the great proportionate development of 
the rami, reach a relatively lower level than in man. Consequently the 
pull of the anterior bellies of the digastrics is more uniformly directed 
backwards, and, it may be, even upwards, than in man, in whom, owing 
to the greater range of extension of the head and neck, the pull of the 
muscle in the extended position is not only backwards but downwards as 
well—a circumstance which would explain the difference in the attach- 
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ment of the anterior bellies of the digastric muscles to the mandible in 
these two groups, an explanation which will more readily be understood 
by reference to the accompanying diagram (fig. 10). 

It does not, therefore, seem unreasonable to suggest that the architecture 
of this particular part of the ape’s jaw is the result of the different traction 
effects of the digastrics and mylo-hyoids. In man, as has been seen, there 
is a mechanical necessity for the provision of a stout basal symphysis ; 
whereas in the ape, owing to the great mass of the alveolar part of the 
bone, this is no longer necessary. 





Fic. 11,—Dissection of the submaxillary region in a young 
male chimpanzee. 


a, platysma; b, mandible; c, anterior belly of digastric, cut across ; 

d, genial muscles ; e, lower border of body of mandible ; f, mylo- 

hyoid muscle; g, submaxillary gland; h, anterior belly of digas- 

tric, cut across; i, hyoid bone; j, cervical fascia; k, platysma, 

cut in the middle line and turned aside. 

Unfortunately, the anthropoid material at my disposal is limited, but 
I am here able to give a figure (fig. 11) of the appearance of the muscular 
parts of the sub-maxillary region of a young male chimpanzee in my posses- 
sion, wherein it will be seen that, though the digastrics are well developed, 
their anterior bellies are broad and flattened, with a thinner bony attach- 
ment than that which we see in man, in whom the section of the muscle 
usually displays a more circular form and consequently spreads more 

widely over the bony surface with which it is connected. 
In this specimen it is also noteworthy that the mylo-hyoid muscle, 
exposed by cutting away the greater part of the anterior belly of the left 
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digastric, is deficient in so far as the extent of its lateral attachment to 
the mandible is concerned, and forms a sling reaching from the symphysis 
to the hyoid bone, and having a free edge curving outwards and backwards 
from the base of the symphysis underneath the sub-maxillary gland, where 
its attachment to the mandible is concealed. By this arrangement the 
under surface of the genial group of muscles is exposed, lying in part in 
contact with the upper surface of the anterior belly of the digastric when 
that muscle is replaced. 

I have not been able to find any record of this arrangement; it most 
closely resembles that cited by Macalister,! in which account he describes 





Fic. 12.—Milk dentition of an orang. 


the mylo-hyoid as “almost completely absent and replaced by the anterior 
belly of the digastric.” 

The matter is of some interest, and deserving of further inquiry. 

Hitherto our attention has been confined to the consideration of adult 
specimens. If, however, we examine young examples, we will see still 
further reasons for accounting for these differences between man and the 
apes. This stage is the more interesting because the growing jaw naturally 
responds to the influence of the factors which subsequently determine its 
form. Amongst these we must not overlook the fact that the bone has 
to accommodate not only the milk teeth but also the dental sacs of the 
permanent dentition. Fig. 12, which represents a dissection of the jaws of 
an orang with the complete milk dentition and the sacs of the permanent 

1 Trans. Roy. Irish Acad., vol, xxv., 1875, p. 34. 
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teeth displayed in situ, demonstrates how completely the mass of the fore 
part of the mandible is occupied by these structures, the basal part of the 
bone being represented by a mere shell. 

A comparison with fig. 13, which is a representation of the human 
mandible at the same period of growth, shows how in the human jaw the 
space occupied by the dental structures is much less, and how, in con- 
sequence, the basal part is better developed—a further proof, it would 
seem, of how this part of the mandible must be reinforced by bone to give 
it the necessary strength, a provision which accounts for the presence 





Fre. 13.—Milk dentition in man. 


of a mental prominence in varying degrees of development. The indi- 


vidual variations of this basal part of the mandible in man will be 


determined by the disposition and traction effects of the muscles attached 
thereto, and will not, in my opinion, be due to any specialised functions of 
these muscles, such as, has been suggested, are associated with speech. 

The series of figures (fig. 14) here given are intended to illustrate how 
by variations in the level of the attachment of the mylo-hyoid muscles to 
the back of the symphysis differences in the form of the basal part of the 
bone are induced. It will be noticed that in the highest specimen in the 
figure the attachment of the mylo-hyoid (marked in black outline) reaches 
a much lower level than that displayed in the lowest specimen; so that 
whilst in the latter the basal part of the symphysis is of considerable 
thickness, in the uppermost example the mesial attachment of the mylo- 
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hyoids coincides with the lower margin of the bone, and that in this view 
little, if any, of the area for the attachment of the digastrics is shown, as 
will be seen by a reference to Plate I., top row: this is the specimen in which 
we have a well-developed genial fossa, and here the bone exhibits a 
tendency to form a prominent border which may be regarded as compar- 
able to a rudimentary simian ledge. It would seem, therefore, that when 
exceptionally we meet with this appearance in man, the necessity for the 
deposition of bone around the area of attachment of the genial muscles no 
longer exists, and we may have an arrangement comparable to that 
exhibited in the apes, in whom advantage is taken of the angular hollow 
formed by the union of the alveolar part of the bone with the simian ledge 
to provide for the origin of the genial muscles; for, as has been already 
pointed out, the tendency is for muscles to pit the bone when they are 
attached to a concave surface, whilst if their origin be from a plane, or 
convex surface, the usual arrangement is for their attachment to be 
indicated by a spine or ridge. In fig. 15 the same features are exhibited, 
as seen from below. 

From this it would appear that the particular manner of attachment 
of a muscle cannot be taken as any criterion of its functional activity. 
Because, owing to the altered arrangement of the surrounding parts, we 
find in some cases well-developed spines, whilst in other instances, owing 
to different surrounding conditions, the spines are absent or replaced by 
pits, these appearances are no justification for the assumption that the 
presence of genial] spines is an indication of any particular development of 
the genio-glossi muscles in association with speech. The number of cases 
quoted seems to place this contention beyond doubt. 

There remains another aspect of the question to which reference must 
be briefly made. Walkoff as the outcome of his examination of the 


. mandible of the anthropoids by the X-rays, laid great stress on the fact 


that the photographs never exhibited the arrangement of the “trajectory ” 
fibres associated with the attachment of the genial and digastric muscles 
exhibited in man. He assumed, therefore, that this appearance in man 
was directly concerned with the development of speech. 

From what has been already stated it will be obvious that the arrange- 
ment of the osseous fibres and lamelle will be determined primarily by the 
general architecture of the bone, and that the arrangement of the fibres 
and lamellz of the bone will only be a secondary effect of the strain of 
the muscles. 

If we can produce specimens from human beings, presumably as capable 
of speaking their own language as their fellows, in which the particular 

1 “ Menschenaffen : Studien iiber Entwickelung und Schidelbau,” Selenka, Band ii. 
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arrangement of the “trajectory” fibres described by Walkoff is absent or 
only present in very modified form, then the occurrence of such specimens 
must prove fatal to that anatomist’s contention. 

In order to verify this matter I asked my friend Dr R. H. Sankey to 
take X-ray photographs of the five mandibles to which special reference 
has been made in this paper. The results are shown in Plate II.; and, just 
as one might expect when the conditions in the lower part of the 
symphysial portion of the jaw resemble in their features those usually 
characteristic of the ape, viz. the occurrence of a genial fossa and a 
tendency towards the formation of a simian ledge, we find, as may be 
seen, an almost complete absence of the “trajectory ” fibres usually revealed 
in man, and an appearance closeiy resembling that figured by Walkoff of 
this region in an orang, except in so far that the field in the ape is limited 
by the enormous roots of the canines. 

The specimens figured exhibit the varying appearances dependent on 
the extension of the attachments of the digastrics and mylo-hyoids upwards 
over the posterior surface of the bone, so increasing its thickness towards 
the centre; and the arrangement of the fibres and lamelle displayed is due 
to the altered form thereby imparted to the mass of the bone, and not to 
the individual detail of a particular group of “trajectory ” fibres necessarily 
associated with any special function of the muscles attached thereto. 


SUMMARY. 


The assumption that the occurrence of genial spines in man is 
necessarily associated with articulate speech is not justified by the facts :— 


1. Because in many human mandibles the spines are frequently absent. 

2. Because in numerous human jaws the spines are replaced by isolated 
pits or depressions. 

3. Because in rarer instances these pits may coalesce so as to form a 
genial fossa corresponding to the area of attachment of the genial muscles. 

4. Because there is no evidence to prove that the individuals to whom 
such mandibles belonged were less capable of speech than their fellows. 

5. It also appears that in man considerable variation may be met with 
in the level of the medial attachment of the mylo-hyoids to the back of 
the symphysis, thereby giving rise to differences in the vertical length of 
the “buccal” and “basal” portions of the bone on the posterior surface 
of the symphysis. 

6. In man, owing to the relatively small size of the incisor and canine 
teeth, the alveolar part of the buccal portion of the jaw is feebly developed, 
consequently the basal part must be stout to ensure the necessary strength. 
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This accounts for the mental prominence and thick and rounded lower 
border characteristic of modern man. 

In the anthropoids, owing to the massing of the bone around the roots 
of the large incisors and canines, the mandible is here stout and strong 
and there is no need for a massive basal part. In the apes the basal part 
is therefore merely represented by the simian ledge, which adds little to 
the strength of the jaw, and serves primarily as a border to which the 
mylo-hyoids and digastrics are attached. 

7. In cases in man in which a genial fossa occurs, and in which owing 
to the low attachment of the mylo-hyoids the basal part is reduced in 
depth, the anterior part of the basal portion persists as the mental 
prominence, whilst its posterior edge tends to be backdrawn by the 
combined actions of the digastrics and mylo-hyoids, thus producing a 
form suggestive of a rudimentary simian ledge. 

8. Whilst emphasis has been laid on the arrangement in man of the 
“trajectory” fibres of the genio-glossus and digastrics as a very char- 
acteristic feature as compared with that displayed in the apes, it has 
been shown that there need be no correlation between this arrangement 
and the faculty of speech, since in the human jaw herein described, which 
in its general form and architecture most resembles that of the ape, no 
such characteristic appearance of the “trajectory ” fibres, on X-ray examina- 
tion, was seen to exist. 

9. From which it appears that the arrangement of the “ trajectory ” fibres 
does not depend on any particular function exercised by the genio-hyoid 
muscles in connexion with the faculty of speech, but is determined by 
the general architecture of the bone and the grouping and modelling of 
its parts. 























ON THE FACTORS CONCERNED IN CAUSING ROTATION OF 
THE INTESTINE IN MAN. By J. Ernest Frazer, F.R.CS., 
St Mary’s Hospital, Professor of Anatomy in the University of 
London; and R. H. Rossins, M.D. Cantab., Senior Demonstrator of 
Anatomy im the Medical School of St Mary’s Hospital. 


Ir has been recognised for a very long time that the disposition of the 
intestinal canal in the adult human subject is the result of a process of 
rotation which it undergoes in the course of embryonic development, the 
tube being changed from an early condition, in which it is described as 
being straight and median in position, into one in which the distal part 
is said to be rotated round the proximal portion in a direction from left 
to right. Figures illustrating the nature and extent of this rotation are 
common in all text-books of anatomy, and variations in the phenomenon 
are constantly assumed to account for cases showing abnormal disposition 
of the intestinal tube in some small or large part of its course. But one 
does not meet with much success in an endeavour to obtain a clear and 
detailed notion of the nature of the rotation and of the extent of gut 
taking part in it. This is particularly the case when light is sought on 
the origin and cause of the movement; in fact, we have not found any 
satisfactory or coherent account of the process from this point of view 
in the books we have consulted. 

In the absence of reliable information, we have endeavoured to work 
the question out for ourselves, and to build up a reasonable and connected 
theory of cause and effect in association with the rotation of the bowel. 
In the nature of things, any explanation of the changes which occur must 
be theoretical, but we have, we hope, been successful in formulating a 
coherent hypothesis which is in accordance with the facts that we have 
directly observed. It is founded on the examination, by the microscope 
and by reconstructions, of embryos from the fourth week to the third 
month, and by dissection of specimens from this time up to birth: we 
have made some eighteen models,’ large and small, as well as other 

1 These models were shown at the June meeting of the Anatomical Society. Figures 
and separate accounts of each of the models would be a tedious addition to an already 


long paper, and would serve no useful purpose: we therefore have decided to dispense 
with such formal descriptions. 
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reconstructions, and propose to give in this paper the results of our study 
of these and of our other specimens. 

An example of the intestine placed in the median sagittal plane may 
be taken from the embryo shown in fig. 1. The embryo is one of 5 mm. 
in which a window has been cut in the left abdominal wall to expose the 
intestinal tube: this, disposed in what is practically the middle line of the 
cavity, forms a nearly right-angled V, the apex of which is continuous 
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Fic. 1.—5-mm. embryo, simplified from models, showing belly cavity through window 
in wall. Course of vitelline duct indicated by dotted lines on further side of cut 
body stalk. Shows gut lying practically in median sagittal plane. 


with the vitelline duct. The vitelline vein lies in the cavity in front of 
the proximal limb of the V, running up to join the sub-hepatic anastomosis 
above, and down to reach the vitelline duct externally. It is worth noting 
that the hinder limb of the V is continuously curved, corresponding with 
the umbilical arteries, on and between which it lies. 

A great change must take place in the disposition of the intestines if 
the adult state is to be attained from the simple conditions seen in this 
embryo. We think it is convenient to divide this process of development 
into three stages: the first of these extends to the period of return of the 
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intestines to the abdominal cavity ; the second begins with this return and 
lasts till the cecum comes into relation with the dorsal wall of the 
abdomen; while the third goes on from this until some time after birth. 
Each of these stages has its special characters: the first stage is essentially 
that of an umbilical loop with two limbs lying beside one another, the 
second is the stage of rotation, in which the planes of the adult condition 
are reached ; and the third exhibits the extension in those planes by which 
the various parts of the tube attain their usual individual position. 
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Fic, 2,—8-mm. embryo. Simplified from model. Seen from the ventral side, and 
rather from the left. V, continuous with the apex of the loop, contains not 
only the epithelial remains of the vitelline duct, but also the vitelline artery, 
and the vein which joins it just beyond the apex of the loop. The “‘ umbilical 
cord” passed to the right of the tail: this, with the oblique view-point, gives the 
appearance of the umbilical loop being directed to the right. 


First STaGe. 


Fig. 2, from an embryo of 8 mm., exhibits the essential points of the 
first stage. There is a loop consisting of two limbs, proximal and distal, 
lying in the umbilical sac; the sac is not shown, having been removed 
with the front wall of the belly. The proximal limb is placed to the right 
of the middle line, and, in the sac, to the right of the distal limb, 

The presence of the loop in the umbilical sac seems to be the natural 
result of its growth in a cavity too small or too much taken up to contain 
it: the apex of the V in fig. 1 is held in the umbilical opening by the 
attachment to it of the vitelline duct, and it is only to be expected that it 
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will be guided, so to speak, by this duct into the opening when the 
elongation of the loop occurs. 

In a specimen of 7°5 mm., in which the proximal limb of the loop is 
not turned over and depressed to the same degree as in the embryo from 
which fig. 2 was drawn, but lies more on the level of the rounded ventral 
surface of the mesentery, the concavity of the limb is occupied by the 
continuation of the left umbilical vein on the visceral aspect of the liver, 
with which is a small prolongation from the right lobe of that organ. 
These structures that occupy the ccacavity are along the upper edge of 
the umbilical opening. In the 8-mm. embryo, and to a greater degree 


vein 





Fic. 3.—Schemes to illustrate the effect of the vitello-umbilical anastomosis and descent 
of the liver on the proximal limb of the loop, represented as on frontal section. In 
the first figure the left umbilical vein passes up mainly to the left of the liver but is 
also sending offshoots below it which join the vitelline system. In the second figure 
this anastomosis forms now the main left umbilical drainage, and is carried down on 
the visceral aspect of the liver, the hepatic end of the vein swinging in the direction 
of the arrow. The result is that the proximal limb is folded over to the right. 


in those of about 9 and 10 mm., the right lobe has very much increased 
in size and the limb is correspondingly depressed, while the rounded 
mesenteric surface, concave from above down, is in contact with the liver 
tissue surrounding the venous channel. On the other hand, the umbilical 
vein in the 5-mm. specimen passes up mainly to the left of the com- 
paratively small liver, but anastomoses on the caudal aspect of the organ 
with the vitelline system: the specimen is not in good enough condition 
to permit closer examination of the nature of the.vitelline anastomoses. 
As a result of the study of the models of these embryos we suggest that 
the turning over of the proximal limb of the loop to the right is directly 
due to its close relation to the vein and liver. When the secondary left 
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umbilical vein is formed as the result of the vitello-umbilical junction, 
the new venous channel lies on the visceral surface of the liver and is 
carried with this across the ventral aspect of the proximal limb of the 
loop of gut: the vein runs up from the left side of the umbilical opening 
to the right lobe of the liver, and as this descends it carries down the 
upper part of the vein, swinging it, as it were, on its lower umbilical end, 
with the effect of turning the proximal limb over to the right. The 
schemes in fig. 3 may perhaps make this plainer. 

The loop in an early specimen, such as in fig. 2, is a freely movable 
tongue-shaped projection, directed ventrally from a fixed base. The 
mesentery of the loop is continuous with the median mesentery attached 
to the dorsal abdominal wall, but in addition to this the two limbs of the 
gut, where they become continuous with the upper and lower parts of 
the rest of the tube, are relatively fixed by thick areas of mesentery. 
These can now be considered under duodenal and colic headings 
respectively. 


(a) The Duodenal Fixation. 


If the proximal loop is looked at from the right, as diagrammatically 
represented in fig. 4, it is seen to form a curved loop, concave ventrally, 
placed beside the median mesentery. At its cranial end a thick pad is seen 
on the dorsal surface of this end of the limb, standing out from the general 
level of the median mesentery. The portion of the gut which is fastened 
to the dorsal wall by this conglomeration of tissue is the future duodenum, 
and the pad itself is the dorsal duodenal mesentery or mesoduodenum : its 
substance is continuous on the left with that of the general mesentery, 
extends up to the foramen of Winslow, and presents below a rounded blunt 
falciform edge, deep to which a shallow recess lies between it and the 
median mesentery. 

If a frontal section were to be made, running cranio-caudally through 
the mesentery a little ventral to its dorsal attachment and passing through 
the foramen of Winslow above (along the interrupted line in fig. 4), the 
mesenteric structures, seen from the dorsal side, would present somewhat 
the aspect which is schematically shown in fig. 5. In the first figure the 
line of the median mesentery is seen to be interrupted above by the opening 
into the lesser sac, and just below this the thick mass of the mesoduodenum 
is apparent, standing out to the right and carrying the duodenum on its 
ventral surface. 

These figures are only schemes, but they are founded on the reconstruc- 
tions of the parts: the thick hook-like arrangement of the mesoduodenum 
is a striking feature in sections through the parts, and the hollow of 
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the hook, the little inter-mesenteric recess, is to be found throughout 


the greater part of the first stage. 


It is in this mesoduodenum that the 


pancreatic outgrowths occur and enlarge, the upper one passing below the 
foramen of Winslow and so into the lower or right wall of the small sac, 











while the lower outgrowth enlarges rapidly in the mesoduodenum itself. 
These are indicated in the schemes. 

The formation of the duodenal curve has nothing to do directly with 
the occurrence of rotation in the intestinal loop, but, as the lower end of 
the duodenum affords a fixed point of attachment for the proximal limb 
of the loop, a short account of its production, as it presents itself to us, may 


not be out of place. 
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Fie. 4.—Diagram of proximal limb of loop seen from the right. It shows the duodeno- 


umbilical loop turned over to the right and depressed, so that it lies beside the 
median mesentery. The ventral surface of the limb and the mesentery is in contact 
with liver, which should occupy the space (black) between them and the belly wall. 
The interrupted line gives the imaginary line of section for the schemes in fig. 5. 
Cf. fig. 6, where part of the limb is cut away. 
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In the first scheme in fig. 5 the duodenum is seen on the further or 
ventral side of the mesoduodenum, in which the head of the pancreas is 
indicated ; the second drawing shows that this head has increased in size 
and has curved out the intestinal tube, a process which has progressed still 
further in the third figure, but the duodenum throughout is held by its 
mesoduodenum. This account denotes shortly the manner in which we 
believe the form of the duodenum to be attained—curved out to the right 
by the growth of the head of the pancreas, and remaining fixed throughout 
to its mesoduodenal base. The earlier growth of the head of the pancreas 
appears to be mainly in its upper part, so that the proximal portion of the 
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Fic. 5.—Schemes to illustrate the formation of the curve of the duodenum. The mesentery is 
supposed to be viewed from the dorsum, having been cut away from its dorsal attachment. 
The dorsal mesoduodenum is seen as a thick mass projecting to the right immediately below 
the protrusion to the left of the small sac. The alimentary tube is shown by interrupted lines 
running down in the front wall of the small sac, turning to the right, and becoming con- 
tinuous with the duodenum which passes down in front of the mesoduodenum. The head (H) 
and body (B) of pancreas grow into the mesoduodenum: observe that B can pass almost 
directly into the wall of the small sac. The other figures show how, while B extends into 
this wall, H grows in the mesoduodenum and by its enlargement curves out the duodenum 
round it: thus the duodenum is attached all the time to the mesoduodenum. X is the 
position of Treitz’ band, put in its hypothetical place in the first two figures. 


duodenum is raised and curved, then the middle and lower parts enlarge and 
the corresponding portions of the tube are bowed out (see figs. 10 and 11). 
It follows from this conception of the duodenum that the muscle of 
Treitz is formed in the lower part of the mesoduodenum : its place is indi- 
cated in the schemes, but we have not been able to discover undoubted 
evidence of its presence before the 35-mm. stage, when the duodenal curve 
is practically complete. It may be that the method of staining of our 
specimens makes more difficult the recognition of the band before this time, 
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or perhaps its definite formation and recognition may be associated with 
the increasing strain thrown on this part of the gut with the later down- 
ward growth of the head of the pancreas. 

We have no doubt that the duodenal formation comes about in the way out- 
lined above. But we are not so certain about the terminal piece of this part of the 
bowel, whether there might not be some secondary adhesion present here at a later 
stage. For various reasons we are inclined against this view, but the question is of 
little importance relative to our main object, so we do not propose to consider 
it further. 


The formation of the duodenal curve proceeds throughout the first 
stage, progressing more rapidly in the latter part of the stage, like the 
other modifications that occur in the simple conditions of the 8-mm. embryo. 
The mode of formation, in relation with the visceral surface of the liver, 
leads to the rectification of the originally oblique position (fig. 11) of the 
duodenum,.and it comes into a more nearly frontal plane behind this organ, 
while its distal part must be directed inwards and must therefore form a 
sharp duodeno-jejunal curve forward close against the right side of the 
median mesentery (see fig. 10) 

It is convenient here to distinguish between that part of the proximal 
limb of the intestinal loop which extends in the abdomen from the duo- 
denum to the umbilical opening, and that part which is in the umbilical 
sac : the first can be referred to as the duodeno-umbilical loop and the other 
as the umbilical part of the proximal limb. 

The superior mesenteric artery passes downwards and forwards in the 
mesentery to the left of the middle of the mesoduodenum to gain the 
mesentery of the loop, and the band of Treitz is continuous with the con- 
densation which surrounds the arterial stem. 


(b) The Colic Fixation. 


The fixation of the base of the distal limb of the loop is simple, but has 
not, we believe, been hitherto described. The continuous curve of this 
limb, as seen in fig. 2, is no longer visible in fig. 3 where the colon is seen 
to be bent at a sharp angle which we may term the “colic angle”: this 
angle, of course, marks the junction of the “midgut” with the “hindgut ” 
in the older descriptions. The appearance of this angle suggests that it is 
produced by the attachment to the point of the angle of a band or other 
structure which holds it up, but allows the loop to turn freely forward, and 
examination of the specimens reveals at once the existence of such a band. 

Its position can be understood from fig. 6, where the structures are 
viewed from the right: the greater part of the duodeno-umbilical loop is 
cut away, exposing the median mesentery and the colic angle, while the cut 
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edge of the mesentery is clearly visible. The position of the band, which 
we term the “retention band,” is indicated by the interrupted lines: the 
direction of the lines does not imply that any such direction of disposal is 
to be made out, for in structure it is at this stage, of course, merely a band 
of much condensed mesenchyme. ‘Traced towards the colic angle, the 
greater and thickest part of the band leads to the point of the angle, but a 
thinner part passes behind the angle to become continuous with the thick 
mesocolon of the “hindgut,” and another thinner part runs in front of the 
angle to the distal limb and reaches the dilation just in front of the angle 
which marks the situation of the future cecum. Traced in the other 


retention 
band : a. 










vitelline vein. 





mesenteric vessels. 


Fic. 6.—Diagram modified and simplified from models. 7°5 mm. Duodeno-umbilical loop cut 
away largely, exposing the median mesentery, on which the position of the retention band is 
marked by interrupted lines. Cf. fig. 4. A, B, lines of sections @ and b, which, however, 
are traced directly from sections through the model. In these sections the retention band 
is stippled. 


direction, the band joins the concentration round the mesenteric vessels into 
which the band of Treitz has already been stated to pass. A section 
through the situation A, just above the angle, shows the band as a marked 
thickening in the median mesentery, while the mesenteric vessels are turned 
over with the duodeno-umbilical loop and lie on its right side: a section 
further back, at B, shows that the band is no longer in the mesocolic area 
but is now merged in the thickened mesenchyme round the superior mesen- 
teric vessels, in the axis of the common mesentery, where, though it may 
be supposed to lie as shown in the figure, it is not distinctly marked off. 


As stated above, the band presents on examination only the evidence of con- 
densed mesenchyme in the early stages, with one or two minute vessels among the 











84 Professor J. Ernest Frazer and Dr R. H. Robbins 


cells ; in later stages nerves are distinctly visible with the vessels, and, as the band 
gets smaller, actually or proportionately, the vessels and nerves become more 
marked and the condensation has the appearance of being of secondary importance 
to them. The obliquity of the band and its connexion with the band of Treitz 
high up suggest the possibility that they may be remains of a more extensive 
structure which had some connexion with the more cranially-placed roof of the 
widely open intestinal sac of early stages. Discussion of such an interesting 
question would be outside our province, even if we possessed material young enough 
and in sufficiently good preservation to enable us to speak from direct acquaintance 
with the subject: as it is, we have no desire to make any suggestion concerning 
its origin nor any wider statement about its distribution or possibilities. 


But although we have no views to advance about the morphologicai 
position of the retention band, concerning its practical effect on the colon 
of the human embryo we do not think there can be any doubt. The 
constant presence of the colic angle is enough, in our opinion, to justify 
the presumption that traction is being exercised on that part of the gut, 
and when this thick band is found in the exact situation that would be 
suggested by a consideration of the angle, it seems to us that no further 
evidence is required to permit us to describe the band as exercising such 
traction. But when we use the word “traction” we do not mean to imply 
an active approximation of the colic angle to the region of the duodenum : 
measurements on the models show us. that the distance between them 
remains the same nearly to the end of the first stage, so there is no actual 
approximation. But the relative approximation is very great, as it is 
hardly necessary to point out. The band holds the piece of gut to which 
it is attached in the same place while the body caudal to it is growing, 
and for this reason we have termed it the retention band. 

The value of the retention band is evident when we consider the great growth 
of the post-umbilical segment of the body which occurs in the first stage. In this 
growth the colic angle is held in place by the band, and consequently the ‘ hind- 
gut” of the older descriptions must be drawn out between the angle and cloaca. 
This is an interesting reflection when considered with von Berenberg-Gossler’s 
hypothesis, founded on the examination of a very rare and striking teratological 
specimen, that not only the rectum, but also the colon, cecum, and terminal part 
of the ileum are derived from the cloacal walls. However this may be, we think 
there is no doubt that the band, by holding the colic angle, relatively approximates 
the angle and duodenum and at the same time draws out the gut distal to the 
angle so that its length at any time is in correspondence with that of the post- 
umbilical part of the belly. 

We can now appreciate the condition of the complete intestinal and 
mesenteric complex—from ‘our point of view it may be simply pictured as 
in the scheme in fig. 7. In the first of these schemes the whole system is 
represented as flattened out, and it is possible to divide descriptively the 
mesentery into that of the loop and that in the abdomen ; or, since the basal 
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part of the loop remains in the abdomen, into that of the loop and that of 
the remainder of the gut: this last part can be simply called the median 
mesentery. The median mesentery has a part below the retention band 
and a part above the band of Treitz: the upper part is continuous on its 
right side with the mesoduodenum, and need not concern us further, but 
the lower part, which has to do with the appearance of rotation of the 
bowels, can be referred to when necessary as the median mesocolon. 

In the loop the arterial axis can be taken as dividing the area of 
mesentery into a proximal mesentery and a distal or mesocolon of the loop. 
The retention band, then, can be described as separating the median 
mesocolon from that of the loop. 

So far, the loop with which we have dealt is characterised by the more 
or less equal growth of its parts, so that its limbs are about of the same 
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of loop 


axis 
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Fic. 7.—Analytical schemes of the mesentery. A, at the beginning of the first stage. B, 
toward the end of this stage. Observe that the narrow strip (mesocolon) between the 
arterial axis and the distal limb remains unaffected, whereas the mesentery of the 
proximal limb widens very considerably with the growth in length of the limb. 


length and the depth of mesentery between them and the arterial axis is 
nearly equal on both sides, as appears in the scheme. But, as the first 
stage goes on, modifications appear in these details, although the essential 
features of the stage—the double-limbed loop, with the depressed proximal 
limb to the right of the distal—remain until the return of the bowel to 
the abdomen. The end-products of these modifications chiefly concern us 
from our present standpoint, and we will deal with these later in some 
detail, but it can be pointed out now that, so far as the loop is concerned, 
the modification is in the direction of great and disproportionate growth of 
the proximal limb and of its mesentery, so that coils are formed to the 
right of the distal limb, which remains relatively very short and with only 
a narrow strip of mesocolon between it and the artery. Such differences 
might be expressed as in fig. 7, B. 

Within the abdomen increase takes place in cranio-caudal length and 
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dorso-ventral depth of the median mesocolon commensurate with the 
growth of the hinder part of the embryo. The growth is most marked in 
the latter half of the second and beginning of third month, and the result 
is as shown in fig. 8, where the median mesocolon a little time before the 
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Fic. 8.—Sagittal section to left of middle line of abdomen in embryo of 35mm. Reconstruction. 
Seen from the left. The coils are left in sitd in the opened umbilical sac. The abdominal colon 
and mesocolon form a median septum extending dorso-ventrally and up to the liver and attach- 


ment of omental bursa above. 
showing the increase in size of the umbilical colon in the cecal region. 


ment to mesocolon is indicated by dotted lines, 


intestinal return is viewed from the left side. The abdominal colon lies in 
relation with the ventral wall, and the mesocolon extends as a median 


septum in the cavity between this and the dorsal wall. 


The less extensive area of mesocolon in a 28-mm. embryo is shown in fig. 9, 
and its small size in one of 22 mm. can be estimated from fig. 11, where, however, 
A 26-mm. model shows an intermediate 


the abdomen is viewed from the right. 






The small figures are tracings from sections through the model 
The sections pass 


through the colon at about the levels indicated by the arrows: the dotted surfaces are those of 
the cut intestine, which include part of the ileum in one section, while the position of attach- 
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stage, so that the rapid increase may be said to begin between the 22-mm. and 
26-mm. stages. The thin area of mesocolon between the retention band and the 
thick pelvic mesentery (see fig. 7) appears to be enlarged and drawn out to supply 
the increased surface: this assumption seems to be justified by an examination of 
the distribution of the vessels of the part, indicated in fig. 8. The ascending 
branch of the inferior mesenteric elongates with the growth, showing that the 
corresponding length of gut is drawn out, the situation of the colic angle being 
marked by a branch of the superior mesenteric which joins the.other vessel here. 


The colic angle is found in the intestinal tube up to a fairly late stage, 
becoming gradually less well marked. This is in accordance with what 
occurs in the parts of the retention band. The originally thickest part of 
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Fic. 9.—Model of 28-mm. embryo, seen from the left side. Stomach and bursa omentalis have 
been cut away in part, exposing the median mesocolon: when in position they reach down as 
far as the genital structures below the suprarenal body. The vitelline vein has also been 
cut away. 


this band, that which went to the colic angle, becomes smaller and presum- 
ably weaker as the mesocolon grows, about the end of the second month, 
and in the stage represented in fig. 8 it is only to be found as a slight 
thickening beside the branch of the artery which runs to the region of the 
angle. The portion of the band which passed dorsal to the angle to reach 
the thick pelvic mesocolon becomes attenuated in a similar way, and the 
only part which presents any appearance of strength is that part which is 
shown in fig. 7 passing to the cecal region: this seems to become more 
developed as growth proceeds, and is drawn out along the growing distal 
limb of the loop, being well marked in the 26-mm. specimen and easily 
recognised in that of 35 mm. as a fairly thick but small band in the 
mesocolon between the mesenteric vessels and the colon, as far as the cecum. 

In fig. 8 the stomach and bursa omentalis have been cut away at their 
attachments to the median structures, They are suspended to the left side 
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of the mesocolon, and are shown partially cut away in fig. 9: when in position 
in this model they reach the floor of the false pelvis. By the end of the 
first stage they have become relatively smaller and are well overlapped by 
the liver in front and below, this organ coming into relation with the colon. 

The duodeno-umbilical loop is placed on the right side of the mesocolon, 
between it and the right lobe of the liver. This loop increases in length 
also, forming a curve the lowest part of which rests on the pelvic brim, 
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Fic. 10,—View of the abdominal and umbilical contents from the right. 35-mm. embryo, Observe 
that the duodeno-umbilical loop is sharply-kinked just beyond the duodenum to form the 
duodeno-jejunal flexure, the course of the gut being indicated by interrupted lines. The 
rounded elevation of the head of the pancreas is seen in front of the duodenal curve and below 
the cut vitelline vein. The mesoduodenum is visible behind the duodenum and below the 


foramen of Winslow. Cf. fig. 8. 


apparently depressed, as it grows, by the liver. The deep and sharply cut 
markings on the liver are enough to show that this organ exercises a certain 
amount of pressure on the structures with which it comes into contact, and 
retains them in position. 

The condition present on the right side toward the end of the first stage 
is seen in fig. 10. In this figure the duodenal curve is represented round 
the head of the pancreas, which is visible as a slight rounded prominence 
within the curve. Just distal to the duodenum the duodeno-jejunal flexure 
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is to be found: its position is evident in the figure, and the course of the 
hidden piece of gut is indicated by the interrupted lines. The bend lies 
against the median mesocolon, between it and the plane of the mesentery 
of the proximal limb of the loop, and in the concavity made by the 
continuity between these two (see fig. 15). The position, on the right, of 
the plane of the mesentery of the proximal ‘limb is probably the result of 
the pancreatic growth: this portion of the mesentery of the loop is continued 
at its base on to the front of the duodenum and the head of the pancreas, 
and it is carried somewhat to the right by them as they grow, thus 
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Fie. 11.—View from right of abdominal contents of 22-mm, embryo, the liver being removed to 
the middle line, Modified from model. The interrupted line shows the position of the 
duodeno-jejunal bend lying against the median mesocolon. Structures ure cut short at the 
umbilical opening. Head of pancreas is not apparent. 


affording an opportunity to the flexure to turn up under it, between it and 
the median mesocolon. ‘The flexure itself may also come into existence as 
an indirect result of the pancreatic growth with its consequent bending in 
of the distal end of the duodenum. This, with the comparative narrowness 
of the mesentery at the base of the loop (fig. 7, B), would lead to an upward 
and inward turning of the next succeeding part of the gut. 

A corollary to this position of the flexure would be the placing on its 
right, potentially, of the mesenteric vessels, lying as they do in the upper 
part of the mesentery of the proximal limb. 

The flexure is apparent in the 22-mm. stage (fig. 11) and is also seen in the 


20-mm. specimen. In the 28-mm, embryo it is represented by a slight kink in the 
intestine below the duodenum. 
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Between the flexure and the umbilical opening the abdominal part of 
the proximal limb is curved beside the mesocolon. All these structures, 
simple modifications of the duodeno- umbilical loop, lie, with their mesentery, 
between the right lobe of the liver and the median mesentery. 

Summing up, then, the conditions which hold in the abdomen at the 
end of the first stage, we may say that there is a median septum, movable 
on its dorsa] attachment and made by the median mesocolon and colon, 
placed between the omental bursa and stomach on the left and duodeno- 
umbilical coils on the right, and that it is separated by these structures 
from the left and right lobes of the liver respectively. These conditions 





Fic. 12,—Schemes to show (A) the position of the structures below and between the lobes of the 
liver before the return of the bowel, and (B) the alteration caused by the return. The median 
septum, which is displaced to the left in B, is the median mesocolon, the colon being supposed 
removed with the front part by the section, which is transverse, 


‘are all the natural and inevitable results of growth occurring in the 


positions assumed at the beginning of the stage (see fig. 2), and there is 
no alteration in the essential character of the intra-abdominal conditions 


seen at that period. 
The abdominal conditions are represented schematically in fig. 12, A. 


SECOND STAGE. 


The second stage, that of the return to the abdomen, is also that in 
which rotation occurs. The rotation is the effect of the return on the 
loop itself and on the contents of the abdominal cavity into which it 
passes: the intra-abdominal conditions have already been described, but 
it remains to examine the state of the umbilical loop and the mode 
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and cause of its return before we consider the result attained by this 
phenomenon. 

To take the last of these first. Various suggestions have been made 
as to the responsible factor which may be at work in the reduction of 
the herniated intestine. Without entering into a discussion of these, we 
may say at once that our observations lead us decidedly to favour the view 
that the intestines are, to use Mall’s term, “ sucked back ” into the abdomen: 
we can find no evidence of any traction directly exercised on the loop or 
its mesentery, nor any reason to suppose that there can be any indirect 
traction brought to bear on it. 

The process of being “sucked back” is, of course, one in which, as a 
result of relatively greater external pressure, the contents of the sac are 
really pushed back into the abdomen. This accords with what we know 
of the conditions inside that cavity. Jackson has shown that after the 
3l-mm. stage the liver decreases in proportionate bulk, and, as the 
abdominal cavity is growing larger—perhaps disproportionately—it follows 
that there must be a fall in intra-abdominal tension: the effect of this 
fall on the amniotic pressure need not be regarded practically, so that the 
pressure exercised by the amniotic fluid on the umbilical sac which it 
surrounds must be relatively increased. In our view, there must come a 
time when the increasing pressure will force the intestine out of the sac 
into the belly, and that this does not occur pari passi with the fall in 
internal pressure may be due to resistance offered by the greater bulk of 
the structures in the sac when compared with that in the passage: it 
seems very probable that such enlargement would hinder the return, but 
when once the resistance is overcome by the relatively increasing pressure 
of the sac, there is nothing further to interfere with the movement, which 
goes on rapidly to its termination. 


Such appears to us to be a reasonable view to take of the circumstances attend- 
ing the reduction of the extruded gut, but in adopting such a theory there are 
certain points which present themselves for consideration, and about which a few 
remarks may not be out of place. Firstly, there is the question of the meaning 
of reduction of liver mass. Judging from our own specimens, we think it must 
be very difficult to base accurate estimations of the actual size of the liver on 
microscopic sections and reconstructions made from them. In our experience, 
however well prepared and apparently fresh the embryo may have been, there is 
yet always more or less retraction of the organ. For example, in the embryo from 
which the model shown in fig. 9 was made, though the preservation and histological 
condition appear to be very good, yet if one were to judge the state present from the 
actual sections, the liver did not occupy the lower part of the abdominal cavity 
atall. But the model of the liver shows at once that this would be a most fallacious 
view, for it carries on it the sharply cut markings of the structures with which it 
was in contact, and these can be read on it with absolute certainty: they show 
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conclusively that the organ was in contact with the Wolffian remains and guber- 
naculum where these lie in the extreme caudal floor of the cavity, or false pelvis, 
although no indication of such relation could be gathered from the sections directly. 
The model gives one an idea of the extent to which the liver has contracted, and 
the question arises whether, seeing how much or how little this contraction may 
be in any individual liver, it is possible to compare and estimate the bulk of 
livers of various stages with more than approximate accuracy. 

We would suggest, from the study of our models, that more trustworthy 
figures relating to the actual size of the liver might be obtained from casts of 
the general abdominal cavity, but we have not ourselves taken up this investiga- 
tion. By the expression “actual size” we mean the presumed size in the living 
embryo. 

But, whatever may prove to be the result of further research in this matter, 
we suppose that there can be no doubt that the relative decrease of the liver can 
be expressed in other terms as “decrease in the rate of growth,” and it is this 
decrease in growth that leads to the fall in intra-abdominal pressure. But to say 
that the pressure falls in the belly is not to say that a space occurs there. No 
doubt some of the fall in pressure is met by the partial collapse of the belly wall, 
which is also under amniotic pressure, and in this way a potential space is 
provided which, when necessary, can be distended by the returned bowel: re- 
construction favours the idea that the lower part of the wall is retracted before 
the return of the intestine, but comparison with later conditions is difficult, as 
allowance cannot be made for individual differences in the specimens. Even if 
we allow this possibility, however, there is also some change in the liver to be 
accounted for: it fills the spare cavity before the return, as shown by the recon- 
struction of the liver in the 35-mm. specimen, but after the return it is separated 
from the false pelvis by the coils of intestine and has acquired a different set of 
markings. A possible explanation of this and allied points has occurred to us as 
a result of consideration of liver reconstructions. 

It is plain, from the nature of the markings, that the retraction of the organ 
about which we have already spoken as occurring in sectioned specimens has 
taken place at the time of employment of the hardening and fixing agents, so 
that there can be no question of absolute decrease of liver substance, and the 
difference between such a liver and its bulk before the retraction took place must 
admit practically of expression in terms of loss of fluid. If this is so, the liver 
before retraction, the living organ filling the cavity, contains more fluid, e.g. blood, 
than afterwards: in other words, it fills the cavity, although its rate of growth 
may be decreasing, by virtue of holding more fluid in its meshes, and in this way 
has a potential power of retraction which comes into play whenever circumstances 
allow it to retract by taking up some of the space it occupies and permitting it 
to discharge some of this fluid from its bulk. Thus it will be seen that, although 
we are doubtful of the value of reconstructions for showing the actual size and 
form of the living organ, yet they may be taken as perhaps expressing more 
accurately the potential differences in bulk of liver substance than would such 
models if they were to show the actual size only. 

A fruitful comparison, then, can be made between the retracted liver of the 
first stage and that of the second stage. In the first, the retraction is effected 
not by loss or atrophy of liver substance but by loss of fluid from the whole mass, 
and in the second the arrival of the intestines in the abdomen allows the fluid to 
leave the organ, so that it retracts. Thus in some ways and with evident reserva- 
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tions the liver might be compared with the lung in the pleural cavity—it is in a 
condition of undue expansion, and, as soon as an opportunity is given to it, it 
retracts towards its base of attachment. In this connexion it is interesting to 
note that the opening out of the liver under reagents, and the general direction 
of its visceral surface, is similar to that observed in the organ after the return of 
the bowel to the abdomen. 

We bring forward these suggestions as purely hypothetical explanations of the 
points raised above, for with our material we have not been able to devise any 
means of putting it definitely to the proof. 


Having provided hypothetically for the factors causing return and for 
accommodation for the intestines in the abdomen, it is now necessary to 
inquire into the act of return itself. As is admitted, the act is practically 
sudden and complete, and we have offered above a more or less satisfactory 
reason for the sudden and complete nature of the action following the com- 
mencement of the return. 

It is not possible, we think, for the umbilical coils to return en masse: 
the shape and size of the umbilical opening forbid this, and when we 
remember that the edge of the central notch in the liver corresponds with 
the upper and side margins of the opening, with which it is in close contact, 
and that the abdominal recti are also in the immediate neighbourhood, the 
sense of impossibility becomes a positive certainty. If, then, the coils do 
not return en masse, there must be a movement of each limb into the 
abdomen in continuity, each moving with its corresponding mesentery, and 
it becomes necessary to decide whether these limbs return together or one 
before the other. Considerations of the conditions found in the sac lead 
us to believe that the distal limb returns after the proximal one. 

In the umbilical sac the colon is seen (fig. 8) to be placed along the left 
side of the collection of coils, in a more or less straight line. It is a narrow 
tube when it enters the sac, but just before it reaches the cecal region it 
increases markedly in diameter, and this enlargement is still further 
increased by the ileum which runs into it at an acute angle: the outlines 
of the gut in the figure do not show this difference very well, but the 
tracings from sections of the model at the levels indicated give a better 
notion of the increase in calibre. If, now, we think of the conditions 
present in the sac when the external pressure is moving the contents into 
the abdomen, it would seem certain that this shape of the colon must 
operate against its passage through the narrow neck of the sac. For the 
neck must be completely filled by a mass of mesentery and gut, pressed 
together in its narrow confines, and under such circumstances the cecal 
enlargement must be retained in the sac. It does not appear to us that 
we can escape from this conclusion as a result of a theoretical consideration 
of conditions inside the sac. 














































94 Professor J. Ernest Frazer and Dr R. H. Robbins 


We have not been able, at the moment, to obtain a fresh specimen at 
the proper stage of development on which we could verify this conclusion 
experimentally, and, so far as we know, only one case (Mall’s) has been 
reported in which the intestinal loop has been found in a state of partial 
reduction: in this case, while the proximal limb of the loop was in the 
abdomen, the cecum still lay in the umbilical sac. Here, therefore, we 
have an experiment which bears out the view we have advocated and, so 
far as it goes, confirms us in that view. 

We may call attention here to another observation we have made which might 
be perhaps of some importance in this connexion. A system of large inter- 
communicating venous sinuses exists in the mesentery close to the cecum, becoming 
noticeable toward the end of the second month and apparently increasing in size 
after this. It is conceivable that venous return might be hindered at the neck of 
the sac when the mesentery is engaged in it, that these sinuses would therefore be 
distended, and that in this way further resistance to the passage of the cecum 
through the neck would arise. This possibility has presented itself to us, but we 
do not desire to lay any emphasis on it, for we think that the retention of the 
cecum is a necessary consequence of facts which are open to observation and 
there is no need to call in to its aid a factor which rests on an imagined condition, 

We have not investigated the conditions in other mammals, so cannot speak 
about any corresponding influences in them: we hope to be able to do so on a 
future occasion. 

Holding the view, then, that the caecum is retained to the last in the 
sac, we must assume that the proximal limb of the loop returns in successive 
lengths, slipping back rapidly with its mesentery into the belly. We can 
now see that the condition of the mesentery shown in fig. 7, B, fits in with 
the scheme of return. The mesentery of the proximal limb is deep enough 
to permit its gut to lie in the abdomen though the distal limb remains in 
the sac. On the other hand, the narrowness of the strip of umbilical meso- 
colon which exists between the colon and the arterial axis entails the 
necessity of the mesenteric vessels also remaining in the sac with the colon, 
for practically they can only move with the distal limb. 

We can now imagine the mechanism in motion under the conditions we 
have described. The proximal limb and its mesentery slip back into the 
abdomen, the more proximal part first and so on, and thus find themselves 
entering that cavity to the right of the median mesocolon, which we have 
described as forming a median septum with its abdominal colon. This 
septum extends above to the central notch in the liver, out of which the 
colon passes forward to reach the umbilical sac. The returning coils, 
entering below the right lobe of the liver, will fill the lower part of the 
abdomen: in so doing they push the median septum to the left and dorsally, 
swinging it back on its dorsal attachment, so that the coils pass ventral to 
it and thus come to lie below the left lobe of the liver, though separated 
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from it in part by the stomach and omental bursa. The general idea of 
these changes is illustrated in the scheme in fig. 12, B. At the same time, 
as suggested above, there becomes possible a certain amount of retraction 
of the liver, with raising and opening out of its visceral surface, so that 
the coils can gather below it. The extension of coils to the left takes 
place in front of the displaced median septum, comes into relation with the 
bursa omentalis in front of this portion of the colon, and in front of the 





Fic, 13.—Schemes to show how the returning proximal limb of the loop passes below the umbilical 
colon and mesenteric vessels. Supposed to be transverse sections looked at from above. 


bursa lies below the left lobe of the liver directly: it also reaches this lobe 
beyond the colon and bursa and stomach. 

Moreover, in passing to the left, the coils must necessarily go below the 
level of the ventrally directed distal limb of the loop and of the mesenteric 
vessels, as these run forward from the notch of the liver to the umbilical 
opening: these structures can be described, then, as passing forward to the 
opening above the mass of coils and their mesentery. This is shown in 
fig. 13. 

When the colon leaves the sac and enters the cavity of the abdomen, it 
must lie, therefore, with the main vessels on the top of the mass of coils 
and their mesentery. In considering this matter it seemed to us that the 
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comparative shortness of the umbilical colon—i.c. the distance between the 
abdominal end of the distal limb and the cecum—compared with the 
length of the mesentery of the coils of small intestine would bring the 
ezcum into position on the coils, not reaching as far as their ventral limits 
but lying between them and the liver. We were therefore interested in 
observing the conditions in specimens shortly after the return of the bowel, 
and our theoretical expectations were borne out by what was found in 
these. Fig. 14 gives illustrations of some of these specimens, with 
descriptions of them, and the differences between them appear to us simply 
to indicate that there is a certain amount of chance or individual variation 





Fic, 14.—Two specimens of 45 mm., intestines exposed by raising the liver carefully and depressing 
the pelvic parts: in A the liver is represented as divided transversely, and the drawing is 
somewhat diagrammatic. In A the cecum lay as shown in a curved state on the coils a little 
to the right of the middle, but in B it was more to the right, though still definitely resting on 
the coils. St. is the stomach. The mesocolon of the loop is seen in A but not in B. The 
overhanging projecting part of the omental bursa has been raised to show the coils, but the 
left transverse colon is too deep to be shown in this way. Altogether five specimens of this 
period were examined. Of the others, one of about 40 mm. was like A in its cecal relations, 
another of 42 mm. resembled B, but in one of 39 mm. the cecum lay to the right of the coils: 
in this case the whole mass of coils seemed to be carried more than is usual to the left, so that 
the cecum was not much beyond the level of the duodenum although it lay to the right of 
them, and the right lobe of the liver was perhaps larger than usual. 


in the immediate effect on the returning colon of the influences under which 
it comes when it enters the abdomen. The walls of the colon are thicker 
than those of the small intestine at this stage, and its lumen smaller, so 
that it would resist bending or kinking with greater power than the small 
bowel, as a thick rubber tubing tends more to assume a straight direction 
than thin tubing. So one would expect that the umbilical colon, when it 
enters the abdomen, would naturally tend to come into line with the part 
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of the abdominal colon with which it is directly continuous, 7.¢., it would 
be disposed to turn toward the right, as can be understood from fig. 13. 
But such a movement would be hampered by its entanglement between the 
liver and the intestinal coils, and to us the differences in the specimens in 
fig. 14 are only individual differences in the arrest of the movement 
toward the right. 

The immediate result of the return of the colon, then, is that it lies on 
the coils of small intestine, with the cecum wedged in from behind between 
these coils and the liver. There does not appear to be any reason to 
suppose that peristaltic movements take place at this time in the intestine, 
but a cursory observation of the abdomen shows at once that there is at 
any rate a rapid increase in mass of these coils, and the tendency of the 
mass as a whole would be to keep at the full length of its mesentery, 
Under these circumstances, it seems to us that there would be a constant 
inclination to press the cecum back from between the growing coils and 
the solid liver, so that it and the colon would come to lie where there is 
more freedom from pressure, namely, over the smaller bulk of the neck of 
the mass. Such a position is, of course, transverse to the long axis of the 
mesenteric “neck” of the mass of coils: the disposition would be a con- 
sequence of the backward move of the cecum from between the coils and 
the liver, for as it is pressed back the colon behind it naturally comes into 
line with the transversely directed piece of the abdominal colon immediately 
succeeding it, the process going on until the originally umbilical colon is 
placed from left to right across the root of the mesentery of the loop, with 
the cecum pointing to the right. In this way we explain the change from 
a position above the coils, with a more or less dorso-ventral direction, to 
one transversely placed across the mesentery behind the coils. 

In the 55-mm. embryo the cecum is in contact with the dorsal wall to 
the right of the mesentery. It is not in any way attached to the wall, in 
fact it hardly touches it, but it is behind the plane of the coils of small 
intestine, and the attainment of this position can be taken as marking the 
end of the second stage in the evolution of the human type. 

Glancing back at the description we have given of the progress of the 
change, as we conceive it, in this stage, we may say that the fall in intra- 
abdominal tension leads to the return of the intestine, that this takes place 
quickly but not en masse, that the positions of the descending colon and 
left part of the transverse colon in their relations to the small intestine are 
consequences of the first part of the return, and that the position in proper 
plane of the remainder of the colon is a delayed consequence of the last 
part of the return. That is to say, that the rotated state, even though the 
final positions are not yet reached, has been attained in its essentials 
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during this stage, as a result of the return of the bowel from the umbilical 
sac. It is fitting, therefore, that we should inquire at this stage into the 
nature and extent of this rotation. 

It has already been said that the rotation occurs in the loop and does 
not involve the duodenal region nor that of the median abdominal colon, so 
that the descending and left portion of the transverse colon are not con- 
cerned in the twist, although they appear to be included in it. The 
diagrams in fig. 15 may be of assistance in following out the process. In 
the first diagram the conditions of the earlier part of the first stage are 
represented, the loop having been cut away. In B the conditions at the 
end of the first stage are shown: the duodenal curve has appeared, widen- 
ing out the attachment of the mesentery of the loop toward the right, so 
that the duodeno-jejunal bend is seen turned up to the left of the axis of 
the mesentery of the loop, while the stomach lies to the left of the median 
colon and mesocolon but separated from them by the thin-walled bursa 
omentalis. C is the same as B, but the proximal limb of the loop is left in 
position with its mesentery, only the distal limb being supposed to have 
been removed with its mesocolon: it is evident that when the proximal 
limb returns it must do so to the right of the median mesocolon. The 
result of this return on the mesocolon is seen in D: the colon and the meso- 
colon are pushed to the left and backwards, so that they would have the 
coils of small intestine in front of them. If the position of the structures 
at the bases of the limbs of the loop is noted, it can be seen that these do 
not change their relations to each other during the second stage: in B the 
proximal limb is cut through beyond the duodeno-jejunal flexure, whereas 
in D the division goes through that part; but if this is allowed for, the 
relative position of the bases of the two limbs is seen to be practically the 
same after as before the return of the intestine. The lower end of the duo- 
denum is below the colic angle: this is partly the persistence of the essential 
conditions of the first stage, and partly the result of depression due to the 
pancreatic growth, but no effect seems to be produced on its level by the 
return or rotation of the loop. The section of the colon is supposed to be 
made in the region of the colic angle, and this is seen to remain in position 
although the gut distal to it is turned backwards and to the left. 

As a matter of fact, the region of the earlier angle does not remain 
absolutely central in position, but is carried a little to the left of the middle 
line; but, as the end of the duodenum and the duodeno-jejunal bend are 
carried with it in that direction, the relative positions of all these structures 
are practically unchanged. The movement of this part of the colon towards 
the left is probably to be explained as a part of the swinging of the 
abdominal colon to that side (as can be understood from fig. 13), and may 
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be made possible by return of part of the umbilical colon from the sac: 
there is nothing to hinder the return of the unenlarged colon from the sac, 
only the cecum being held back as a result of its size. 

Thus it becomes apparent that there is no tendency to rotate on the 
part of the colic angle: whatever movement takes place is not in the 
direction of rotation round the loop, but is in the other direction toward 
the left. This being so, there can be no movement of rotation affecting the 
gut distal to the angle, and it can be seen in D (fig. 15) that there is no 
actual twist of this portion of intestine, it being simply laid back from its 
median attachment while the coils pass in front of it. 

When the proximal limb enters the abdomen, the upper part of the 
small intestine returns first. It is to be expected that this part, continuous 
with the duodeno-jejunal flexure, will lie against the median mesocolon, 
and the next succeeding part as it enters the abdomen will lie ventral to 
the first part and rather to its right. So, in a general way, we might say 
that the coils which lie deepest in the abdomen and more to the left, pushed 
there by those which enter subsequently, might be expected to be those 
that return first, i.e. the upper part of the bowel. This agrees with general 
experience, and calls for no further study. These proximal coils, as they 
pass to the left, carry with them their mesentery and vessels, and twist 
these below the main vessels which we have seen (fig. 13) must remain in 
the umbilical sac: this can be taken as an indication of rotation of this 
part of the loop. But those coils which lie to the right of the middle line 
do not exhibit any indication of rotation, using the relation of their vessels 
to the main vascular stem as the test of its occurrence. So also when the 
czcum reaches the abdomen and lies on the coils, those coils which are on 
its right obtain their blood from the arterial stem on their left, and, judged 
by this standard, have not yet “rotated.” The mesocolon containing the 
main vessels can be seen in fig. 14, A, lying with the colon on the coils: it 
was not visible in specimen B without disturbing the coils. 

When the cecum passes to the right of the mesenteric neck of the mass 
of coils, however, the fundamental adult arrangement of right and left 
branches of the main vessels is attained, and the rotation is complete. 
Looking at it in this way, and judging the rotation from its effect on the 
branches of the mesenteric vessels, the process can be said to commence 
with the first passage of coils to the left, and to end when the cecum 
reaches the dorsal wall—in other words, the rotation continues throughout 
the second stage of our description. 

A complete twist of this sort, through half a circle, involves the whole 
of the free loop. The base, as we have seen, is fixed, and just where the 
movable joins the fixed part the amount of rotation is not so great, but 
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it rapidly passes from the state of the original to that of the acquired 
condition. 

Examination of the vessels indicates the area of rotation very clearly. 
The models make plain that the relations between artery and vein in the 
fixed region of duodenum, dorsal to the junction of vitelline and superior 
mesenteric veins, are practically the same in the 8-mm. embryo as in the 
adult body, but the relation between the vessels in the loop is reversed 
during the second stage. Thus the rotation, judged by its results, is 
confined to the loop and occurs only during the second stage. 

A rotation of such sort is conveniently spoken of as occurring round 
the arterial axis, but it must not be assumed that the main vessel actually 
forms an axis round which the loop twists. If the account we have given 
has been properly understood, it will be evident that, although the first 
stage can be schematically represented with an arterial axis and the 
completed second stage shows the reversed branches round this axis, yet 
the intervening rotation takes place without reference to any fixed axis. 
When the first coils go to the left they pass below the artery because it 
is temporarily fixed above them, but they do so without turning on it 
and as a result of their surrounding relations: in the last part of rotation 
the czecum is carried to the right and brings the artery with it, so that 
the “axis” is really swung to the right on the remaining coils and not 
these to the left on the artery as an axis. The point is perhaps one of 
minor importance, but it is necessary to understand it if one wishes to 
have a clear comprehension of the process of rotation. 

Before proceeding to the third stage in the evolution of intestinal 
position, it may be as well to deal with certain structures which we have 
mentioned in the foregoing account of the two first stages. The retention 
band is shown in fig. 6 as comprising a main part extending to the angle, 
and two subsidiary parts going to the cecum and pelvic mesocolon re- 
spectively. The main part, as already stated, diminishes in thickness 
toward the end of the second month and, at the time of return and rotation, 
is quite an insignificant thickening in the mesocolon which would only 
be noticed if looked for in the proper situation. We have not been able 
to find any certain representative of it in the full-term fcetus. The 
descending subsidiary part also thins away as the median colon elongates, 
and is present only as a slight condensation along the ascending branch 
of the inferior mesenteric artery in the second stage. The cecal prolonga- 
tion from the band, however, becomes better marked and thicker as the 
first stage proceeds, so that it is present as a strong and prominent band 
in the 26-mm. embryo and is well marked, though not so thick, in the 
35-mm. specimen. We have no means of ascertaining what relation, if 
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any, there may be between the presence of this band and the comparative 
slowness in the growth of the distal limb of the loop, nor have we made 
any investigation into its ultimate fate: we have not so far found definite 
evidences of its existence at birth.! 

The colic angle depends for its presence on the colic attachment of 
the retention band, and, presumably in consequence of the atrophy of this 
band, the angle is less marked toward the end of the second month and 
is practically non-existent when the return of the bowel is due. Its 
position, however, can be easily recognised from the fact that the left 
branch of the middle colic artery reaches the gut here, or, for practical 
purposes, it can be placed on the gut opposite the jejuno-mesocolic fold, 
which represents nearly enough the narrow part of the neck of the 
mesentery of the loop. Generally speaking, therefore, it may be said that 
the descending colon and less than the left half of the transverse colon are 
derived from the median abdominal colon, distal to the colic angle, while 
the remainder of the transverse and the ascending colon come from the 
distal limb of the loop. 

The vitelline duct loses its connexion with the intestine at an early 
stage—in one of our embryos, however, labelled as 12°5 mm., the duct was 
still continuous with the intestinal wall, although no definite epithelial 
strand of connexion could be made out. Keibel and Elze have reported 
the connexion in an embryo of about the same size, and Thyng in one a 
little larger. 

The vitelline vein is to be found as a small channel subsequent to the 
intestinal return; we cannot say definitely when it finally disappears. 

The vitelline artery was present on the right side of the loop of 
intestine in all our specimens which were examined on this point. It 
was still to be found connected with the mesentery, but in a very attenuated 
state, in the 28-mm. embryo, but not later than this. 

The bursa omentalis lies as a thin-walled sac behind the stomach, and 
between it and the median mesentery. It is only fixed by its “neck,” on 
the left side of the common dorsal mesentery, opposite the opening (foramen 
of Winslow), and lies free below this with the stomach developing, so to 
speak, in its front wall (see figs. 5 and 8). In the first half of the second 
month it begins to project ventrally between the stomach and median 
colon, and by the end of this month it forms a definite irregularly folded 
projection in this situation, as may be seen in the model in fig. 9, and in 

1 We are indebted to Professor Wood Jones for a reference to a paper by Rost (Arch. f. 
klan. Chér., 1912) in which he describes bands of involuntary muscle fibre in relation with 
the proximal part of the transverse colon and elsewhere. It is possible that these may 


represent remains of the structures we have described, but we have not gone into the 
matter and cannot speak definitely about it. 
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the diagrams in fig. 15. This hollow projection of the excessively thin- 
walled sac is, of course, the early indication of the great omentum, and it 
lies in close contact with the abdominal colon at the end of the first stage 
(fig. 15, C) but is not attached to it in any way. When the coils enter the 
abdomen the median colon is turned to the left as in fig. 15, D, and not 
only raises the bursa and the stomach, but is also pushed back below the 





Fic, 15.—Four diagrams to show the positions of the bases of the limbs of the loop before and after 
the return of the bowel. The abdominal colon is shown as a median septum with its 
mesocolon, deflected to the left (in D) after the return. The colon is supposed to be divided 
at ubout the region of the colic angle, and the proximal limb in front of the duodeno-jejunal 
bend in A and B, and through the bend in D. Observe how the pancreatic growth carries 
the base of attachment of the mesentery of the loop out to the right, allowing room for the 
flexure in its lower concavity, and making possible the relation of the vessels to the transverse 
part of the duodenum. 


bursa so that the great omentum comes to lie on its ventral face to some 
extent, and here is in contact with the coils of small intestine. The small 
intestine seems to be responsible for raising the bursa and stomach both 
indirectly through the colon and directly by its own mass as it gathers on 
the left side of the abdomen. The future left half of transverse colon and 
splenic flexure are now invaginated to some extent into the omental bursa 
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from below, but there is not, at the end of the second stage, any adhesion 
between the structures. The further changes in this region belong to the 
third stage of our description. 

The great omentum comes into evidence along the whole length of 
the bursa and thus extends to the right as far as the first part of the 
duodenum: when the colon of the loop ends the second stage by swinging 
across the neck of the mass of coils, its distal part comes into a relation 
with this right extremity of the bursal projection which is comparable 
with that of the abdominal gut with which it is continuous (see fig. 16). 
At the end of the second stage the omental projection covers the front 
of the left part of the transverse colon and the upper left coils, and is not 
quite disposed as in fig. 14, where it has been raised to exhibit the coils. 


THIRD. STAGE. 


The third stage is one of extension and fixation of the colon in the 
plane it has reached at the end of the preceding stage. Thus it is not 
really a stage concerned in the actual rotation of the loop and does not 
call for a very detailed description here. 

When the cecum comes into relation with the dorsal wall it touches it 
at or about—i.e. just above—the crest of the ilium, and just below the 
lower end of the kidney. As already stated, we found this position attained 
in the 55-mm. specimen, but it seems to us highly probable, when the 
individual variations found are taken into account, that in some cases this 
standard would be departed from to a considerable extent. The length of 
the second stage might be shortened or, in some cases, lengthened. 

We first found adhesion of the colon in its new position in an embryo 
of 63 mm. Fig. 16 is drawn from the 63-mm. specimen, the small intestine 
of the loop having been removed with the greater part of its mesentery 
to give an exposure of the colon. The (originally umbilical) colon, passing 
transversely across the neck of the coil-mass, has been laid down against 
the pancreas, duodenum, and inner part of the kidney, and its reversed 
strip of mesocolon is also laid against the dorsal structures and stretches 
between the colon and the arterial axis, as in the earlier stages. 

The adhesion in the 63-mm. foetus is in the region of the duodenum, 
the cecum and intervening part being still free. 

On the left side the colon and mesocolon lie free on the dorsal wall, but 
they cover a larger area here than at the beginning of the second stage: 
at that time the “descending colon” barely reaches the inner border of the 
left kidney, but now it runs down the middle of that organ. The left 
“transverse colon” is also at a somewhat higher level than in the second 
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stage: i.e. it more decidedly invaginates the lower and back wall of the 
omental bursa and passes higher up behind the stomach. 


Our meaning in describing this part of the colon as “invaginating” the bursa 
may perhaps be better understood from a glance at fig. 17. This represents in a 
schematic fashion what would be found in a longitudinal dorso-ventral section along 
a line such as a in figs. 13 and 16. The plane of mesocolon is seen applied to the 
dorsal wall, with the transverse gut cut through at its upper end and the descending 
colon divided below. The upper one is seen to be projecting into the bursal 
sac, invaginating its lower wall and thus coming to lie behind and below the 





Fic, 16.—Fcetus of 683 mm. in which the small intestine has been cut away. The 
cecum is in contact with the dorsal wall, but not yet adherent, and the mesocolon 
of the loop can be recognised, laid with the colon across the duodenum. The 
‘*jejuno-mesocolic fold” is clearly seen, and, being practically opposite the old 
colic angle (see fig. 15, D), can be taken as marking the base of the mesentery of 
the loop. Proximal to this the colon has come secondarily into relation with the 
omental bursa, in line with the left transverse colon. 


stomach. Small intestine is indicated in front of the colic plane. The second 
figure shows how, by elongation and fusion occurring at a much later period, the 
definitive condition can be attained in this region. 


It is unnecessary to go into the particulars of our findings in individual 
specimens throughout the rest of foetal life; a good idea of the progress in 
this stage can be obtained by observing the relative positions of the great 
gut in a few fcetuses of different ages, such as are combined in fig. 18. 

In this figure the positions of the colons in various stages are marked 
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on a chart of the dorsal wall. No. 1 represents the gut at 45 mm.: it is 
laid down on the dorsal wall and just reaches the inner edge of the kidney, 
stretching its mesentery, a, to its full extent, while its cecal end is shown 
in interrupted lines to indicate that it is not in contact with the wall 
behind. The condition at 63 mm. is shown in 2, where the mesocolon on 
the left side is seen to be extended so that the gut rests on the left kidney, 
while its upper part, in relation with the bursal sac, is represented in 





Fic. 17.—The first figure is a schematic section down the left side of the abdomen, as along the 
line a in fig. 16 or fig. 13, to show the relation of the upper part of the abdominal colon to the 
omental bursa after it has been turned to the left. ‘The abdominal mesocolon is cut at m, 
and p is the body of the pancreas in the back wall of the bursa. The second figure shows 
how the adult condition can be reached from this: the elongating mesocolon fuses with the 
bursa to form the transverse mesocolon, below this it is fixed to the wall, and at its lower end 
may be free more or less for the iliac colon. 


interrupted lines: on the right side its cecal end is in contact with the 
dorsal wall just above the iliac crest below the right kidney, and its 
mesocolon, b, is reversed and laid down across the duodenum and on the 
wall as shown. The arrow indicates approximately the position of the 
one-time colic angle beyond which the mesocolon of the right side proper 
extends. Nos. 3 and 4 are stages in foetuses of 125 mm. and 160 mm. respec- 
tively: the peripheral extension is evident on the left, and to a less extent 
on the right. The mesocolon exhibits some attachment in the duodenal 
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region in the 63-mm. stage and a little later the cecum is found to be 
adherent, so that these parts are relatively fixed and the extension on the 
right occurs slowly between them. No. 5 is the position of the caecum and 
eolon on the right in a full-term foetus; its position on the left practically 
corresponds with 4 and is not shown. The great growth in length of the 
ilio-pelvic colon in the later stages is not shown. The position of kidneys 
and suprarenals is not quite as shown in the later stages, as these organs 
assume a rather higher level, but this need not be regarded from our 
present point of view. 
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Fic, 18.—Plan to show the position of the colon at different periods. For explanation see text. 
The abdominal mesocolon is seen at a, and that of the loop at 4. 


Looking at this series of positions at different ages, it is evidently to 
be concluded that the whole colon is elongating, its left curve is increasing 
to the left and upwards, and its right curve to the right and upwards, 
though to a less extent, probably owing to the larger resistance of the 
right lobe of the liver. The increasing curve of the colon is only possible 
when there is a corresponding increasing breadth of mesocolic area. This 
is simply seen on the left side, where the mesocolic sheet is fixed in the 
middle line, and its increasing breadth or depth is only a continuation of 
the process which forms the median septum in the growing abdomen of the 
second stage. In the figure the added areas of mesocolon are shown by 
the dotted lines. On the right side, however, the mesocolon is at first 
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free, and it is only after it has become fixed that it is necessary to have an 
increasing mesocolic area to keep pace with the slowly increasing colic 
curve. The fixation of the structure takes place fairly soon: the mesocolon, 
b, in the figure becomes adherent to the back wall shortly after the 63-mm. 
stage, so that the mesocolic areas of the succeeding stages are added to it. 
Thus we may say that the mesocolon of the loop differs from that of the 
left side in that it does not broaden before the intestinal return and only 
slowly and to a less extent after this has taken place. 

So far, then, it may be said that a general progressive widening of the 
right and left mesocolons goes on pari passi with the elongation of the 
colon and the increase of its curves. 

We have worked out some of the details of the process, and think that there is 
some reason to believe that the widening of the mesocolon, at any rate on the right 
side, is not directly dependent on the growth of the colon. It is not necessary, 
however, to go into that point, and it will suffice to look on the two enlargements 
as associated and more or less corresponding with each other. 


As the two mesocolic areas widen they become adherent to the dorsal 
structures. Without dwelling on certain local peculiarities, it may be 
said that the mesocolon in a general way shows adhesion increasing from 
the centre toward the periphery, so that there remains a broad strip of 
free membrane between the gut and the adherent portion, and this strip 
is necessarily that in which active increase must be going on at the 
moment. 

In this way the mesocolon becomes gradually fixed to the dorsal 
structures, a fate which overtakes the gut itself when the growth of the 
intervening strip ceases. In the case of the left upper colon the contact 
and adhesion is with the wall of the omental bursa, and: has already been 
mentioned. 

It seems to us, then, that the activities which constitute the changes 
seen in the third stage may be said to be confined to the colon and meso- 
colon, the latter extending in its plane and fixing itself as it extends. It 
follows from this view that there is no fixation of the mesentery of the 
small intestine. In fig. 18, for example, the mesocolic area, b, is fixed 
between the gut and the straight dotted line: to the left of this the 
mesentery would hang free, so that the obliquely directed “attached border 
of the mesentery ” is really the extreme left limit of the area of adhesion 
of the mesocolon of the loop. 

The cecum during fcetal life is very constant in its level, about the 
crest of the ilium. As the liver recedes the colon above this is bowed out 
to form the bend which is ultimately known as the hepatic flexure. 

We have not carried our investigations into post-partum development, 
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and therefore have no suggestions to offer concerning the subsequent 
shifting of any portion of the intestines. 


SUMMARY. 


The greater part of this paper is occupied by an account made up 
mainly of descriptions of a large number of inter-connected observations, 
and it would be almost impossible to bring these into the form of an 
abstract or summary. We propose, therefore, to limit our remarks under 
this heading to a statement of the main or large conclusions to which we 
have come, passing over the many smaller matters which may be found 
in the paper itself. 

We have divided the evolution of the adult type into three stages :— 

1. The stage in which an umbilical “hernia” of the bowel exists, 
lasting from the condition of the “median” intestine to the time of return 
to the abdomen. 

2. The stage of return and rotation, occurring about the tenth week, 
and lasting for a short but variable time, coming to an end when the 
whole length of the colon is in its proper plane relative to the small 
intestine. 

, 8. The stage of extension of colon and its mesocolon in that plane, 
lasting till after birth. This stage is not really one in the course of 
rotation proper, for this is confined to the second stage, the first stage 
being a preparation for it. 

The essential character of the first stage is the presence of an umbilical 
loop with its proximal limb lying to the right of the distal limb. The 
position is brought about by the depression of the proximal limb as a 
result of the enlargement and downgrowth of the liver carrying with it 
the vitello-umbilical venous anastomosis on its visceral surface. 

Towards the end of the first stage there is rapid growth of the proximal 
limb and its mesentery, so that a mass of coils occupies the umbilical sac, 
along the left side of which the distal limb, consisting in part of cecum 
and a portion of colon, is placed without coils. 

The second stage starts with the somewhat sudden return from the 
umbilical sac to the abdomen. The return is due to the fall of intra- 
abdominal pressure owing mainly to relative decrease in liver mass: thus 
the extra-abdominal (intra-amniotic) pressure pushes back the contents of 
the sac. The return is not en masse, but the proximal limb returns first 
in continuity of length, the cecum being retained to the last in the sac 
owing to its larger size compared with the colon immediately continuous 
with it. The sudden and complete nature of the return may be due to 
resistance to the movement at first holding the coils in the sac; the 
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resistance would be owing to the size of the mass of mesentery just inside 
the sac compared with that passing through its opening. As the intra- 
abdominal tension is falling all the time, it seems probable that, when the 
slight resistance is at last overcome, the return could go on to its end 
without stop. 

When the coils of the proximal limb return they must occupy the 
lower part of the abdomen below the liver, and they pass first into the 
cavity on the right of the intra-abdominal colon and mesocolon: these 
form, at the end of the first stage, a median “septum” which extends in 
the cavity from the liver above to the pelvis below. As the coils spread 
out below the liver they pass to the left, pushing this septum before them 
to the left and backwards, so that the colon and mesocolon lie against the 
dorsal wall behind the coils. Moreover, in going to the left, the coils have 
passed below the continuity of the abdominal colon with the part still 
remaining in the umbilical sac, and also below the main mesenteric vessels 
which also remain in the sae with the colon. Thus, when the cecum 
returns with these vessels toward the end of the movement, it must lie 
on top of the coils, between them and the liver. In this way the rotation 
is partly accomplished, a large part of the small intestine having passed 
to the left below the upper part of the colon. 

The cecum, at first wedged in between the liver and the intestine, is 
forced back from this position by the pressure of the growing mass of 
coils, and thus comes to lie to the right of the mesentery of the coils and 
behind them, with the rest of the originally umbilical colon placed trans- 
versely across the mesenteric neck of the mass. This essentially completes 
the rotation, brings the cecum against the back wall on the right side, 
and closes the second stage. 

Rotation is limited to the bowel which constitutes, with its mesentery, 
the umbilical loop. It does not involve the duodenum, which is curved 
out separately as a result of the growth of the head of the pancreas on its 
left side. Nor does it include the abdominal colon, which with its meso- 
colon makes the “septum” already mentioned: this colon is continuous 
with the umbilical colon at the “colic angle” held up by the “retention 
band” in the mesocolon. The position in the adult of the original colic 
angle is rather to the left of the middle of the transverse colon, so that the 
actual rotation of bowel may be said to affect only the intestine lying 
between the duodeno-jejunal bend proximally and the left middle of the 
transverse colon distally. 

The third stage shows the occurrence of widening in the mesocolic areas 
applied to the dorsal wall, in association with growth of the gut attached 
to them: thus there is an increasing length and curve of intestine and 
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width of mesocolon. As the mesocolic areas widen adhesion takes place: 
in a general way it may be said that the fixation spreads peripherally, 
following the enlarging curve of the gut. This process occurs, of course, 
behind the plane of the coils of small intestine and does not influence the 
amount or nature of the rotation. It goes on for some time after birth 
and in its course the splenic and hepatic flexures are produced. 

We may conclude this short summary of our main conclusions by 
pointing out the great influence exercised by the liver in the production 
of the final conditions. No doubt this organ, with the Wolffian bodies, 
is largely responsible through its growth for the early entrance of the 
gut into the umbilical sac, as well as for the depression and turning to 
the right of the proximal limb of the loop. It occupies all the available 
space in the abdominal cavity and holds the median visceral structures 
in place up to the intestinal return. By a relative decrease in its rate of 
growth it leads to the ultimate return of the loop, and it probably helps 
to accommodate the returned coils by an actual decrease in its size. It lies 
in contact centrally with the retention band and colon passing from this 
region to the umbilicus, and in this way keeps the returning coils down 
in the lower part of the cavity so that they pass to the left below the 
colon and mesenteric vessels. And in the third stage the slowness of the 
peripheral spreading of the colon and mesocolon is without doubt associated 
with the gradual decrease of the relative size of the liver. 
































